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ABSTRACT
ADULTS HEALTH AND MORTALITY IN THE UNITED STATES
Yana Vierboom
Irma Elo

Good health is the cornerstone of a happy and productive life. Unfortunately, health is not
distributed evenly among and within populations. This dissertation contains three chapters
on adult health and mortality in the contemporary United States, paying special attention
to social inequalities therein. Together, the chapters make both substantive and
methodological contributions to the field of demography. In the first chapter, I use data
from the National Health and Nutrition Examination Survey (NHANES) to consider the
role of educational differences in weight history in shaping educational disparities in allcause mortality over the period 1988-2010. I find that 10-12% of educational mortality
differences are driven by the higher likelihood of groups with less formal schooling to have
weighed more in the past. In the second chapter, I combine data from vital registration and
the National Health Interview Survey (NHIS) to produce the first estimates of alcoholrelated mortality rates by educational attainment in the U.S., for years 2000-2017. I find
that alcohol-related mortality rates rose for both sexes and all levels of educational
attainment. Increases were often larger for less educated groups, exacerbating already
existing disparities. In the third chapter, I find that social inequalities shape not only the
length of life and the ultimate cause of death, but also the quality of life at its very end.
Using the NHIS, I examine trends in end-of-life health for years 1997-2015. People who
are less educated, are black, immigrated to the U.S., are residents of the South, and have
ever smoked experience longer periods of poor health at the end of life. Together, these
three chapters illustrate the intricate nature of health inequalities.
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INTRODUCTION
“The case is one where…we have been compelled to reason backward from
effects to causes.”
~Sherlock Holmes in The Adventure of the Cardboard Box (1893)

The last 200 years have seen far-reaching changes in human life. Scientific
discoveries have improved our health, transformed the labor we do and where we do it,
altered our diets, and changed how and with whom we communicate. As a result of these
and other changes, we also live longer. John Graunt of London published the first early
life tables in 1662, a time when life expectancy in England and Wales was nearly half
what it is today (Office for National Statistics 2015). Indeed, a person of the median age
in the contemporary U.S. has roughly the same amount of life ahead of them as the
average person in Graunt’s time could expect to live from birth (Arias and Xu 2018;
Office for National Statistics 2015; U.S. Census Bureau 2018). The infectious causes of
death common in Graunt’s accounts, like fever, bloody flux (dysentery), and
consumption (tuberculosis), have been nearly eradicated in the U.S. and other highincome countries. Instead, we are more likely to die from chronic diseases that were
uncommon or unheard of in Graunt’s time.
And yet, for all the changes our world has seen since the Industrial Revolution,
the structures that systematically advantage some groups at the expense of others
persist—though their strength has hopefully diminished. The tendrils of social inequality
pervade all aspects of the modern life course. They determine who is exposed to adverse
x

conditions in utero, who receives the very best education, who smokes and who
exercises, who works dangerous or precarious jobs, who marries whom, and so on. All of
these inequalities translate into more than just differences in zip codes and material
goods, they also contribute to the biggest inequalities of all—those in health and
longevity. Not only do some of us lead more comfortable lives, we also get to enjoy them
for longer because they are comfortable.
Each death is the unique product of a lifetime of social, behavioral, and genetic
factors—and so each tells a story. The following three chapters consider a tiny fraction of
these stories. In Chapter 1, I examine the role of obesity in reproducing educational
differences in mortality. Although previous work has found differences in obesity to
explain little to none of the mortality differences between the least and most educated
groups, I find that conclusions are sensitive to how obesity is measured. Health surveys
that collect measured or self-reported weight typically do so at the time the survey is
administered. However, as Preston & Stokes (2016) write, this method overlooks the
salience of socially-patterned weight histories. In this chapter, I find that groups with
lower levels of formal schooling are more likely than others to have ever been obese, at a
far higher magnitude than they are more likely to be obese at survey. Illness-related
weight loss is a likely reason for this phenomenon. Since the incidence of illness and
educational attainment are negatively correlated, using a cross-sectional measure of
weight obscures between-group differences. By using a measure of highest-ever weight, I
find that 10-12% of educational differences in mortality are driven by the higher
likelihood of less educated groups to have been obese in the past.
xi

The second chapter also examines educational differences in mortality by
considering inequality in alcohol-related mortality. A thorough examination of alcoholrelated mortality rates by educational attainment in the U.S. has not before been
undertaken, possibly due two significant methodological challenges. The first is the
difficulty of assembling various causes of death that are not entirely attributable to
alcohol, but whose mortality risks may be heightened by alcohol use. I address this issue
by applying a CDC-recommended method which uses estimates of the percentage of
deaths from a particular cause attributable to alcohol. The second methodological hurdle
is the limited accuracy of educational attainment on death certificates. For obvious
reasons, educational attainment is not self-reported on death certificates, but rather
reported by whomever is filling out the certificate. I use a method proposed by Ho (2017)
to adjust for bias introduced by misreporting. I find that alcohol-related mortality rates
increased between 2000-2017, at all levels of educational attainment. Increases were
often largest for less educated groups, widening already existing disparities.
The experiences and exposures accumulated during the life course shape not only
one’s ultimate cause of death, but also the months, days, and moments preceding death.
This is the subject of the final chapter. Population aging in the U.S. and elsewhere
naturally raises concerns about the quality of life at advanced ages. Are we aging “better”
than in the past, or are we spending more time in bad health? What can we expect from
the final stage of life? Research has traditionally explored these questions using measures
of chronological age. However, this work overlooks the distinction between studying
health at the end of life and studying health at advanced ages (which happens to be the
xii

end of life for some people). In this chapter, I consider changes in self-rated health and
disability in the last six years of life, for adults who died at ages 65+. I find that the
amount of time lived with a disability at the end of life did not change between 19972010, though there were some improvements in self-rated health among women. While
some people will not be disabled and report good health at the end of life, the majority of
us should expect at least some time with a disability or poor health. Women and people
who live to older ages, are black, are less educated, live in the South, and are foreignborn typically experience longer than average periods of disability, as do decedents dying
from respiratory and cerebrovascular diseases.
Death is inevitable for all humans, a fact which demographers do not have the
skillset to change. Instead, demographers can help change the nature and circumstances
of death. This feat requires a careful and methodical retrospection of the life course. By
doing so, we might shed light on the causes resulting in the unequal distribution of life.
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CHAPTER 1 :
THE CONTRIBUTION OF DIFFERENCES IN ADIPOSITY TO
EDUCATIONAL DISPARITIES IN MORTALITY IN THE UNITED STATES

Abstract
Background: There are large differences in life expectancy by educational attainment in
the United States. Previous research has found obesity’s contribution to these differences
to be small. Those findings may be sensitive to how obesity is estimated.
Methods: This analysis uses discrete time logistic regressions with data from the National
Health and Nutrition Examination Survey (NHANES), pooled from 1988-1994 and 19992010, to estimate the contribution of differences in adiposity, or body fat, to educational
differences in mortality. I show that results depend upon the measure of adiposity used:
body mass index (BMI) at survey or lifetime maximum BMI.
Results: College graduates were less likely than high school graduates to be obese at
survey (25.0% vs 34.6%, respectively) and were also less likely to have ever been obese
(35.7% vs. 49.4%, respectively). Lifetime maximum BMI performed better than BMI at
survey in predicting mortality using criteria for model selection. Differences in maximum
BMI were associated with between 10.3% and 12.0% of mortality differences between
college graduates and all others, compared to between 3.3% and 4.6% for BMI at survey.
Among non-smokers, between 18.4% and 27.6% of mortality differences between college
graduates and all others were associated with differences in maximum BMI.
Contribution: Adiposity is an overlooked contributor to educational differences in
mortality. Previous findings that obesity does not contribute to educational disparities were
based on BMI at survey, which is less informative than maximum BMI. The contribution
of adiposity to educational mortality differences will likely grow as smoking prevalence
declines. Health surveys should collect information on weight history.
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Introduction
The socio-economic gradient in mortality
Life expectancy and disease patterns follow a well-documented socio-economic
gradient in many high-income countries (see e.g., Elo 2009; Hayward et al. 2015; Laditka
and Laditka 2016; Mackenbach et al. 2008). Between 1999 and 2011, for example, life
expectancy for a 40 year-old white woman with a high level of education was 42.7 years,
compared to 29.6 years for a woman with low education (Laditka and Laditka 2016).
Substantial disparities in mortality rates by educational attainment have similarly been
observed in many European countries (Mackenbach et al. 2008). Recent evidence
suggests that differentials in the United States and elsewhere may be widening (see, e.g.,
Mackenbach et al. 2015; National Academies of Sciences, Engineering, and Medicine
2015), adding further urgency to an already urgent issue.
An extensive body of research seeks to identify the mechanisms driving the
relationship between education and mortality. One branch of this work focuses on the
impact of modifiable health behaviors, such as smoking, alcohol and drug use, and
obesity. Obesity, defined as having a body mass index (BMI) of 30 or greater, is a salient
factor in view of the growing prevalence of obesity in many countries (Devaux and Sassi
2013; Flegal et al. 2007; Ogden et al. 2010; Ogden et al. 2015; Robertson et al. 2007), a
global trend that is well-illustrated in the United States ("Global Health Observatory
(GHO) data: Obesity" 2016; Finucane et al. 2011). In 1980, for example, 16% of US
women and 12% of US men were considered obese, compared to 36% of women and
34% of men in 2014 ("Global Health Observatory (GHO) data: Obesity" 2016). Though
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obesity rates have increased for all segments of the US population in recent decades,
poorer and less educated people continue to be more likely to be obese (Chang and
Lauderdale 2005; Ogden et al. 2010; Yu 2012), an association that may have
strengthened during the Great Recession (Wang et al. 2016). This relationship is
worrisome, given the health and mortality risks associated with obesity. Stokes and
Preston (2016) estimate that nearly one in six deaths occurring in the United States
between 1988 and 2004 can be attributed to obesity. Obesity influences health and
mortality through a variety of channels, such as by increasing the risk of diabetes
(Abdullah et al. 2011), cardiovascular diseases (Tarleton et al. 2014), cancer (Wolin et al.
2010), and disability (Alley and Chang 2007; Reynolds et al. 2005). Growing educational
disparities in obesity prevalence could exacerbate existing mortality differentials.
Despite the health implications of obesity and its possibly strengthening inverse
relationship with socio-economic status (SES), obesity has not been adequately examined
as a determinant of socio-economic mortality differentials in the United States.
Surprisingly, research that has explored this topic, such as the work on health behaviors
by Mehta, House, and Elliott (2015) or Montez and Zajacova (2013), finds no significant
contribution of adiposity, or body fat, to socio-economic differences in mortality. It is
possible that these and other findings are sensitive to bias in estimating the mortality
consequences of obesity, as outlined in the following section.

3

Maximum BMI: A better way to estimate adiposity in studies of mortality disparities
Prior studies on health behaviors and SES commonly estimate adiposity using one
cross-sectional observation of BMI, a weight-to-height ratio calculated as weight in
kilograms over height in meters squared, measured at time of survey. BMI at survey can
be a problematic measure in quantifying the relationship between adiposity and mortality
because it is susceptible to bias from reverse causation due to illness. Formerly-obese
individuals who have lost weight from an illness may present a healthy BMI at survey
time but have an elevated risk of mortality due to the underlying illness. This process is
illustrated by the finding that mortality risks are often highest among individuals who
have lost weight (Stokes and Preston 2016; Yu et al. 2016). The process of ill individuals
being selected out of the obese population artificially inflates mortality rates for lower
BMI ranges and deflates mortality rates for higher ones (Stokes 2014; Stokes and Preston
2016; Stokes and Preston 2016). As a result, estimates of the risks associated with obesity
may be biased downwards, sometimes creating the illusion of a survival advantage for
overweight or obese individuals (Stokes and Preston 2016). Since less educated
individuals are more likely to contract illnesses that result in weight loss, as I demonstrate
in Section 3.1 below, reverse causation is of particular concern in studying socioeconomic mortality differentials.
One common approach to addressing reverse causation due to illness when using
longitudinal data is to delay the onset of analysis, often by five years, to exclude
individuals who are most ill (Flegal et al. 2007; Global BMI Mortality Collaboration, a.
2016; Hu 2008; Stokes and Preston 2016). This approach is imperfect, as it reduces
4

sample size and statistical power (Flegal et al. 2007; Global BMI Mortality
Collaboration, a. 2016; Hu 2008; Stokes and Preston 2016). Additionally, weight-loss
trajectories vary considerably by age and disease (Alley et al. 2010). A second method
excludes individuals who report having a disease associated with weight loss (Flegal et
al. 2007; Global BMI Mortality Collaboration, a. 2016; Hu 2008; Stokes and Preston
2016). In addition to reducing sample size and missing undiagnosed cases, conditioning
on diseases that may be on the pathway from obesity to mortality can underestimate the
relative risks associated with obesity (Flegal et al. 2007; Global BMI Mortality
Collaboration, a. 2016; Hu 2008).
One recently-proposed solution for addressing reverse causation bias that avoids
some of the pitfalls of other methods is to use lifetime maximum BMI, based on highestever weight (Stokes 2014; Stokes and Preston 2016; Stokes and Preston 2016). Because
maximum weight is likely attained at a time free of illness, this approach minimizes the
likelihood of illness-induced weight loss without reducing sample size, conditioning on
pre-diagnosed morbidity, or otherwise restricting the generalizability of the findings
(Stokes and Preston 2016).
The advantages of maximum BMI are not limited to reducing bias from reverse
causation. A growing literature documents that elements of weight history are predictive
of mortality (Preston et al. 2013). The mortality risks of obesity, for example, increase
with the duration of obesity (Abdullah et al. 2011; Abdullah et al. 2014). Given that
duration and peak weight were positively correlated in one analysis at 0.62 (Mehta et al.
2014), a weight history measure like maximum BMI captures more information about
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factors influencing mortality than does a single, cross-sectional observation. This
measure is especially salient for examining socio-economic differentials in health and
mortality, since we know from existing research that SES and health behaviors are
closely linked. Pampel, Krueger, and Denney (2010) identify a set of broad mechanisms
through which SES influences health behaviors, many of which predict socio-economic
differences in weight history. Individuals of lower SES, for example, tend to experience
more negative life events which may trigger weight gain, may not have information about
the risks of excess weight, and may lack access to resources that make it easier to
maintain a healthy weight.
An early variant of lifetime maximum BMI, peak BMI, was first used in a cohort
study of Finnish adults by Mehta et al. (2014). The authors calculated peak BMI from
self-reported weight at ten-year age intervals, finding that peak BMI was positively
associated with increased mortality, net of BMI at survey. Recent research building on
Mehta et al.’s work has consistently found an association between mortality and having
ever been obese. In their comparison of maximum and survey BMI in three large cohort
studies, Yu et al. (2016) find that the power of having ever been obese to predict
mortality is far greater than the predictive power of obesity at time of survey. Research
by Stokes and Preston (2016) uses model selection criteria to conclude that maximum
BMI is a more robust predictor of mortality than survey BMI. In one of the first studies to
apply the measure beyond testing its robustness, Elo, Preston, and Mehta (forthcoming)
use it to examine racial differences in mortality in the US, finding that differences in
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maximum BMI account for 29% of black-white differences in mortality among women
and 1% among men.
Although peak BMI was initially developed using cohort data, many studies,
including the present one, calculate maximum BMI in cross-sectional surveys using
measured height and self-reported maximum weight (Elo et al. 2016; Stokes and Preston
2016; Stokes and Preston 2016). While bias introduced by using self-reported weight is a
concern, Preston, Fishman, and Stokes (2015) demonstrate that biases are sharply
reduced by using a continuous measure of BMI. Additionally, the biases may not be in
the expected direction: while individuals generally under-estimate current weight
(Preston et al. 2015), they appear to over-estimate past weight (Stokes and Ni 2016).
Study aim
This study investigates the contribution of adiposity to educational mortality
differentials in the United States, using several measures of adiposity. Previous research
finding no contribution of obesity to educational mortality differences relies on BMI at
time of survey, a measure which underestimates the risks of obesity (Stokes and Preston
2016; Stokes and Preston 2016). Maximum BMI has already been applied to investigate
racial differences in mortality (Elo, Preston, and Mehta forthcoming), but has not before
been used to examine educational differences in mortality. Accurately quantifying
adiposity’s contribution to educational mortality differentials is crucial for reducing
mortality disparities in a context of increasing obesity prevalence.
Although this analysis uses data from the United States, given the country’s
vanguard position in a global trend of rising obesity prevalence, the findings of this
7

analysis are likely generalizable to other high-income countries with comparable
inequalities in mortality and obesity by educational attainment. Existing research
indicates that many European countries may fit this description (Devaux and Sassi 2013;
Mackenbach et al. 2008; Robertson et al. 2007).

Data and methods
Data source and sample
I use data from the National Health and Nutrition Examination Survey
(NHANES), an annual cross-sectional health survey administered by the National Center
for Health Statistics. I combine data from NHANES III (1988-1994) and NHANES
Continuous (1999-2010) waves, weighted to be nationally representative of the noninstitutionalized US population. In addition to participating in detailed in-person
interviews, adult respondents visit mobile examination centers for physical examinations.
The participation rates for the years included in the sample range from 75% to 80%
("NHANES Response Rates and Population Totals" 2015). Each wave has been linked to
the National Death Index through December 2011, allowing for mortality follow-up.
More detailed information on survey design and sampling procedures are available
elsewhere (Centers for Disease Control and Prevention 1996; Johnson et al. 2013).
I restrict the study population for the main analysis to respondents aged 40 to 74
at time of survey who were physically examined, not pregnant, and not missing
information on height or any of the weight measures. I exclude respondents missing
information on educational attainment (n=49) and smoking (n=7). Since the aim of this
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analysis is to examine the contribution of obesity to mortality differences, I exclude
respondents who have always been underweight (maximum BMI<18.5) (n=18) or who
are currently underweight (survey BMI<18.5) (n=261). I also exclude respondents with
maximum BMI values of 60 or greater (equivalent to being 5’10” tall and weighing 420
pounds) (n=70), to avoid the influence of outliers. Respondents are censored upon
reaching age 85 during mortality follow-up. The final sample consists of 22,703
respondents experiencing 3,784 deaths from all causes across 215,066 person-years of
follow-up. The mean length of follow-up is 10.9 years.

Variable design
Outcome variable
The dependent variable is all-cause mortality as registered in the National Death
Index between participation in the survey and December 31st, 2011.

Education
Earlier NHANES waves (1988-1994) measured education as years of completed
schooling, ranging from 0 to 17 years. Later waves (1999-2010) collected this
information using a five-level categorical variable (<9 years, <high school, high school
degree/GED, some college/associate’s degree, bachelor’s degree or more). I convert data
from earlier waves into these five categories, using years of completed schooling. Since
state-level compulsory schooling laws in the United States mandate schooling until at
least age 16 (National Center for Education Statistics 2015), over one-third (36%) of the
9

sampled population with less than 9 years of schooling is foreign-born. To minimize bias
from nativity, I combine categories <9 years and <high school into one category, <high
school.
Measures of Adiposity
In the main analysis, I examine two measures of BMI: BMI at time of survey and
lifetime maximum BMI. BMI, calculated as weight in kilograms over height in meters
squared, is a commonly used estimator of adiposity. Values between 18.5 kg/m2 and 25
kg/m2 are considered healthy, values between 25 kg/m2 and 30 kg/m2 are considered
overweight, and values of 30 kg/m2 or higher are considered obese. I use the terms
adiposity and obesity interchangeably throughout this study.
I construct a continuous measure for BMI at survey using height and weight, both
measured at a mobile examination center at the time of examination. Consistent with
previous studies, I construct a variable for maximum BMI using measured height and
self-reported highest-ever weight. Preston, Fishman, and Stokes (2015) show that bias
from weight misreporting in estimates of the mortality consequences of obesity are
greatly reduced if using a continuous measure of BMI.
In a sensitivity analysis, I examine two additional estimates of adiposity. The first
is BMI at age 25, constructed using height measured at time of survey and self-reported
weight at age 25. The second is waist circumference in centimeters, measured at time of
survey.
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Other covariates
Age, sex, and race/ethnicity are correlated with BMI (Elo et al. 2016; Heymsfield
et al. 2016; Reynolds et al. 2005; Zhang and Wang 2004) and included as additional
covariates, as are continuous variables for age at baseline and years since interview.
I also include a categorical variable for smoking history, capturing never smokers, former
smokers, and current smokers. Because smokers, especially life-long smokers, have a
higher risk of death and are more likely to have a healthy BMI (Audrain-McGovern and
Benowitz 2011; Stokes and Preston 2016), cigarette use can obscure the relationship
between obesity and mortality (Stokes and Preston 2016). Threats of confounding are
particularly serious in studies of educational attainment and mortality, given the inverse
relationship between smoking and education (Jamal et al. 2015).

Analytic strategy
I model the relationship between education and mortality using discrete time
logistic regressions. The full models include variables for age at baseline, years since
interview, sex, race/ethnicity, education, smoking, and one to two adiposity measures. I
compare models using model performance criteria Akaike information criterion (AIC)
and Bayesian information criterion (BIC).
Next, I estimate the percentage of the education-mortality relationship that is
mediated by educational differences in adiposity. In a logistic model, coefficients can
change across nested models both because an added variable z (adiposity) mediates the
relationship between the independent variable of interest x (education) and the dependent
11

variable y (mortality) and because the underlying scale of the model has shifted (Karlson
et al. 2012). It is not sufficient, therefore, to estimate the percentage of the educationmortality relationship that is associated with obesity by examining the percent change in
the education coefficients across nested models before and after controlling for adiposity.
If done this way, it is unclear how much the coefficients for education have changed due
to: 1) obesity mediating the association between education and mortality; and 2) the shift
in the scale caused by the introduction of a new variable. Failure to correct for rescaling
often underestimates the mediating role of variable z in the relationship between x and y,
“increasing the likelihood of our concluding, incorrectly, that changing z would have
little or no impact on the x-y relationship (Karlson et al. 2012).”
To address this issue, I apply a method proposed by Karlson, Holm, and Breen
(2012) (KHB), using the khb command in Stata version 15 (StataCorp 2017). To isolate
the separate effects of rescaling and confounding, the method linearly regresses z
(adiposity) on x (education) and uses the x-residualized z-variable in the full model to
remove any correlation between x and z. Because the original and corrected models have
the same scale, we can determine the change in the coefficient attributable to
confounding from variable z, net of rescaling, by subtracting the coefficient for x in the
original model with the x-z correlation from the coefficient for x in the corrected model
without the correlation. The underlying discrete time logistic regressions model both
smoking and adiposity as mediators in the relationship between education and mortality.
The models additionally include demographic controls for age at baseline, years
since interview, sex, and race/ethnicity. In a sensitivity analysis, I repeat the khb
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decomposition examining the contribution of two additional estimates of adiposity to
educational mortality differences: waist circumference measured at survey time and BMI
at age 25.
Finally, I repeat the above khb procedure restricting the sample by sex and nonsmoking status using only the best performing estimate of adiposity. Since smoking
increases risk of death and is inversely related to obesity (Audrain-McGovern and
Benowitz 2011; Stokes and Preston 2016), measurement error in smoking status, such as
the inability to account for smoking duration and intensity, may bias estimates of the
relationship between obesity and mortality (Stokes and Preston 2016). Although not
generalizable to the overall population, results for never-smokers present a less biased
picture of obesity’s contribution to mortality differences.

Results
Descriptive statistics and age-standardized mortality rates
Table 1 presents characteristics of the sample by educational attainment, weighted
to be nationally-representative of the non-institutionalized population. The majority
(61%) of respondents have at most a high school degree, and just over one-fifth (21%) of
respondents have some college experience or an associate’s degree, but no bachelor’s
degree. Respondents with bachelor’s degrees are more likely than those without four-year
degrees to be younger, non-Hispanic white never-smokers. At survey, one-quarter (25%)
of college-educated respondents were obese, compared to one-third (35%) of those with a
high school degree. Roughly one-third (36%) of college graduates reported having ever
13

been obese, as measured by maximum BMI, compared to nearly half (49%) of those with
a high school degree. The relationship between education and past obesity is somewhat
more linear than between education and obesity at survey, suggesting that BMI at survey
masks heterogeneity in weight histories. Some of this heterogeneity is illustrated by the
negative association between education and weight loss shown in Table 1. On average,
those with less than a high school degree weighed 2.3 kg/m2 less at survey time than they
did at their highest weight, compared to college graduates who lost 1.6 kg/m2.
Differences in weight loss may be influenced both by illness and by the educational
patterning of current smoking (Jamal et al. 2015), as smoking is negatively correlated
with current weight (Audrain-McGovern and Benowitz 2011). Among those with less
than a high school degree, 32% reported being current smokers, compared to 11% of
those with at least 4 years of college.
Table 1 also shows mortality rates by education and sex for the studied
population, calculated using weighted deaths and person-years, and adjusted using the
age distribution of adults aged 40-84 in the 2000 Census. As expected, education and
mortality are highly negatively correlated. Those without a high school degree were more
than twice as likely as college-educated respondents to die during follow-up (12.41
deaths vs. 5.58 deaths per 1,000 for females and 16.61 vs. 7.10 deaths per 1,000 for
males, respectively). Using the same age standard, the death rate for the overall
population of 40-84 year-olds in 2000 National Vital Statistics data is 11.33 for females
and 17.35 for males (Miniño et al. 2002), compared to 10.85 for females and 14.26 for
males in NHANES. Mortality is slightly lower in the sample both because NHANES,
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<High school
(95% CI)

28.9 (28.7 to 29.1)
31.5 (41.3 to 31.7)
2.3 (2.2 to 2.4)
57.2 (56.8 to 57.6)
68.4 (67.9 to 69.0)
49.2 (47.7 to 50.8)
58.4 (54.4 to 62.4)
15.9 (14.1 to 17.8)
21.0 (17.9 to 24.1)
4.6 (3.4 to 5.9)
37.7 (35.6 to 39.7)
30.8 (29.3 to 32.2)
31.6 (30.0 to 33.2)
7,987
1,971
79,185

BMI survey (mean)
BMI max (mean)
BMI lostc (mean)

Age (mean)
Age at survey
Age at follow-up

Male (%)

Race/ethnicity (%)
Non-Hisp. white
Non-Hisp. black
Hispanic
Other

Smoking status (%)
Never
Former
Current
N
Deaths
Person-years

41.0 (39.1 to 42.8)
31.5 (29.8 to 33.1)
27.6 (26.1 to 29.0)
5,777
968
58,328

81.2 (79.2 to 83.3)
9.9 (8.7 to 11.1)
5.9 (4.9 to 6.9)
2.9 (2.2 to 3.7)

44.5 (43.1 to 45.9)

54.9 (54.4 to 55.4)
66.5 (65.9 to 67.1)

28.7 (28.5 to 29.0)
30.9 (30.7 to 31.2)
2.0 (1.8 to 2.1)

34.6 (32.7 to 36.5)
49.4 (47.3 to 51.5)

8.44
15.18

High school
(95% CI)

44.3 (42.4 to 46.1)
34.0 (31.9 to 36.0)
21.8 (20.0 to 23.6)
4,878
521
40,781

79.5 (77.5 to 81.5)
9.9 (8.7 to 1.2)
6.7 (5.6 to 7.7)
3.9 (3.2 to 4.7)

46.4 (44.1 to 48.6)

53.3 (53.0 to 53.7)
63.3 (62.7 to 63.7)

28.7 (28.4 to 29.0)
30.8 (30.5 to 31.1)
1.9 (1.8 to 2.0)

34.8 (32.9 to 36.7)
48.7 (46.5 to 50.8)

7.15
11.72

Some college,
Associate’s degree
(95% CI)

55.0 (52.9 to 57.2)
34.2 (32.1 to 36.2)
10.8 (9.4 to 12.2)
4,061
324
36,772

85.6 (83.6 to 87.6)
5.6 (4.8 to 6.4)
3.5 (2.8 to 4.3)
5.3 (3.7 to 6.9)

54.8 (53.1 to 56.4)

53.0 (52.6 to 53.4)
63.9 (63.3 to 64.5)

27.4 (27.2 to 27.7)
29.2 (28.9 to 29.5)
1.6 (1.5 to 1.7)

25.0 (23.3 to 26.7)
35.7 (33.5 to 37.9)

5.58
7.10

Bachelor’s
degree or more
(95% CI)

44.6 (43.3 to 45.8)
32.6 (31.5 to 33.6)
22.8 (21.8 to 23.8)
22,703
3,784
215,066

76.9 (75.0 to 78.9)
10.1 (9.2 to 11.1)
8.8 (7.6 to 10.0)
4.1 (3.4 to 4.8)

48.6 (47.9 to 49.3)

54.5 (54.3 to 54.8)
65.5 (65.1 to 65.9)

28.4 (28.3 to 28.6)
30.6 (30.4 to 30.8)
1.9 (1.9 to 2.0)

32.7 (31.5 to 33.8)
46.5 (45.2 to 47.8)

10.85
14.26

Total
(95% CI)

a. Results reflect sample weighting except N, deaths, and PYL. b. Mortality rates include mortality until age 85 at follow-up. Rates are ageadjusted using the age distribution of 40-84 year-olds in the 2000 Census. c. Currently obese estimated as BMI at survey greater than 30. Ever
obese estimated as maximum BMI greater than 30. BMI lost estimated as max BMI – survey BMI.

36.6 (34.8 to 38.7)
52.9 (51.3 to 54.4)

Adiposity
Currently obesec (%)
Ever obesec (%)

Adjusted mortality rate (per 1,000)b
Female
12.41
Male
16.61

Characteristics

Table 1. Sample characteristics of adults aged 40-74 at baseline by educational attainment, NHANES 1988-2011.a

unlike Vital Statistics, excludes individuals who are institutionalized at baseline and
because I additionally exclude those who are underweight at baseline.
Table 2 presents characteristics of the sample for never and current smokers by
sex. Current smokers are less likely than never smokers to have a bachelor’s degree (11%
vs. 26%, respectively, for females and 13% vs. 40% for men). Current smokers are also
less likely to be currently obese, though these differences diminish if we consider having
ever been obese. Although never-smoking females were 23% more likely than currently
smoking females to be obese at time of survey, they were only 8% more likely to have
ever been obese. For males, these figures are 36% and 7%, respectively. Despite current
smokers’ healthier weight, current smokers experienced more than twice the mortality
rates of never smokers, illustrating smoking’s confounding role in the relationship
between obesity and mortality. The age-standardized mortality rate for currently smoking
males is 23.10 annual deaths per 1,000, about 15 deaths higher than the rate of 7.82
deaths per 1,000 among never-smoking men. For women, these rates are 16.27 and 6.16
deaths per 1,000, respectively.

Model performance
Table 3 presents odds ratios of dying from all causes during the follow-up period.
Model 1 estimates the baseline relationship between education and mortality, controlling
for age, sex, race/ethnicity, and smoking. In order to highlight differences between the
extreme ends of the education distribution, having a bachelor’s degree serves as the
reference category. Models 2 and 3 each add a different estimate of adiposity: survey
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20.7 (19.0 to 22.3)
29.7 (28.0 to 31.4)
24.0 (22.3 to 25.8)
25.6 (23.5 to 27.7)
6,550
727
64,662

Education (%)
<High school
High school
Some college
Bachelor’s degree
N
Deaths
Person-years

29.2 (26.8 to 31.5)
36.9 (34.4 to 39.5)
22.9 (20.5 to 25.2)
11.0 (9.2 to 12.9)
2,192
448
21,204

76.4 (73.5 to 79.3)
13.3 (11.5 to 15.0)
7.0 (5.4 to 8.5)
3.42 (2.2 to 4.6)

14.9 (13.4 to 16.4)
21.6 (19.8 to 23.4)
23.2 (21.2 to 25.2)
40.3 (37.8 to 42.8)
3,831
431
33,699

76.7 (74.4 to 79.1)
9.1 (8.1 to 10.1)
9.4 (8.1 to 10.7)
4.8 (3.5 to 6.1)

52.9 (52.4 to 53.3)
62.9 (62.3 to 63.5)

1.8 (1.7 to 2.0)

28.7 (28.5 to 29.0)
30.7 (30.4 to 31.0)

32.3 (29.7 to 35.0)
47.0 (44.4 to 49.7)

31.1 (28.2 to 34.1)
33.5 (30.9 to 36.1)
22.7 (20.5 to 24.9)
12.7 (10.5 to 14.9)
3,033
792
28,534

72.7 (70.0 to 75.5)
14.2 (12.6 to 15.8)
8.7 (6.8 to 10.5)
4.4 (3.2 to 5.6)

52.0 (51.6 to 52.4)
63.1 (62.5 to 63.6)

2.9 (2.7 to 3.0)

27.1 (26.9 to 27.3)
30.1 (29.8 to 30.3)

23.7 (21.5 to 25.9)
44.1 (41.6 to 46.6)

Male (95% CI)
Never-smoker
Current smoker
7.82
23.10

a. Results reflect sample weighting except N, deaths, and person-years. b. Mortality rates include mortality until age 85 at follow-up. Rates are
age-adjusted using the age distribution of 40-84 year-olds in the 2000 Census. c. Currently obese estimated as BMI at survey greater than 30.
Ever obese estimated as maximum BMI greater than 30. BMI lost estimated as max BMI – survey BMI.

71.8 (69.1 to 74.5)
11.4 (10.1 to 12.7)
11.0 (9.5 to 12.6)
5.9 (4.5 to 7.2)

Race/ethnicity (%)
Non-Hisp. white
Non-Hisp. black
Hispanic
Other

52.7 (52.2 to 53.1)
63.7 (63.0 to 64.4)

2.3 (2.2 to 2.5)

1.4 (1.3 to 1.5)
54.8 (54.4 to 55.3)
65.9 (65.4 to 66.5)

27.5 (27.2 to 27.9)
30.6 (29.8 to 30.5)

29.7 (27.7 to 31.6)
42.5 (40.2 to 44.8)

28.8 (28.6 to 29.0)
30.6 (30.3 to 30.8)

36.4 (34.7 to 38.1)
45.8 (44.0 to 47.6)

Female (95% CI)
Never-smoker
Current smoker
6.16
16.27

Age (mean)
Age at survey
Age at follow-up

BMI survey (mean)
BMI maximum
(mean)
BMI lostc (mean)

Adiposity
Currently obesec (%)
Ever obesec (%)

Characteristics
Adjusted mortality
rate (per 1,000)b

Table 2. Sample characteristics of adults aged 40-74 at baseline, by sex and smoking status, NHANES 1988-2011.a

BMI and maximum BMI, respectively. Model 4 adds both adiposity estimates
simultaneously and Model 5 includes only the difference between them, representing
BMI units lost from maximum BMI. Although previous research has shown the inclusion
of a quadratic term for obesity estimates to improve model performance (Kivimaki et al.
2008), this was only the case for survey BMI and is therefore not shown for maximum
BMI. I did not find evidence of significant interactions between adiposity+sex,
adiposity+education, education+sex, or education+smoking in any of the models. There
is evidence of an interaction between age and adiposity throughout. However, since the
focus of the main analysis is the change in age-adjusted mortality differences by
education once controlling for adiposity, an interaction between age and adiposity does
not affect the main findings. To avoid including several age+adiposity interactions in
Model 4, and since these interactions had only a modest effect on the odds ratios in Table
3, age interactions are not shown in this table.
In Model 1, those with less than a high school degree are more than twice as
likely as college graduates to die during follow-up (odds ratio of 2.015), even after
controlling for differences in age, sex, race/ethnicity, and cigarette smoking. Those with a
high school degree or some college are also significantly more likely to die than those
with a four-year degree (odds ratios of 1.651 and 1.431, respectively). If we account for
the fact that less educated people are more likely to be obese at survey in Model 2, the
survival advantage of having a college degree is somewhat lessened. Here, the odds ratio
of dying for those without a high school degree decreases from 2.015 in Model 1 to 1.941
in Model 2. The odds ratio of dying for this group decline further to 1.820 in Model 3,

18

19

1.326*** (1.190 to 1.477)
0.896 (0.771 to 1.040)
1.185 (0.845 to 1.660)
1.473*** (1.319 to 1.646)
2.818*** (2.467 to 3.219)

Race (ref: NH white)
NH black
1.388*** (1.248 to 1.545)
Hispanic
0.888 (0.762 to 1.035)
Other
1.153 (0.827 to 1.608)

Smoker (ref: never)
Former
Current

35,461.47
35,586.50

0.000*** (0.000 to 0.000)

0.000*** (0.000 to 0.000)
35,417.03
35,562.89

a. Results reflect sample weighting except N, deaths, and person-years.

Constant
AIC
BIC
N
Deaths
Person-years

0.928*** (0.889 to 0.968)
1.002*** (1.001 to 1.002)

1.405*** (1.274 to 1.550)

1.352*** (1.236 to 1.479)

Sex (ref: female)

Adiposity
BMI at survey
BMI at survey2
BMI maximum
BMI lost

1.111*** (1.100 to 1.123)

1.109*** (1.098 to 1.120)

Yrs since interview

1.470*** (1.312 to 1.647)
2.693*** (2.365 to 3.066)

1.103*** (1.095 to 1.112)

1.102*** (1.094 to 1.110)

Age at baseline

Model 2:
Survey BMI
1.941*** (1.585 to 2.375)
1.608*** (1.346 to 1.921)
1.404*** (1.156 to 1.707)

Model 1:
Baseline

Education (ref: BA+)
<High school
2.015*** (1.646 to 2.468)
High school
1.651*** (1.383 to 1.970)
Some college
1.431*** (1.177 to 1.740)

Characteristics

0.000*** (0.000 to 0.000)
35,320.40
35,455.84
22,703
3,729
215,066

1.046*** (1.038 to 1.054)

1.466*** (1.310 to 1.641)
2.891*** (2.538 to 3.293)

1.289*** (1.156 to 1.438)
0.894 (0.774 to 1.032)
1.246 (0.872 to 1.779)

1.361*** (1.240 to 1.495)

1.114*** (1.103 to 1.125)

1.104*** (1.095 to 1.112)

1.820*** (1.491 to 2.221)
1.533*** (1.285 to 1.828)
1.354** (1.115 to 1.644)

Model 3:
Max BMI

35,098.85
35,255.14

0.000*** (0.000 to 0.000)

0.866*** (0.827 to 0.907)
1.001*** (1.001 to 1.002)
1.091*** (1.078 to 1.105)

1.476*** (1.310 to 1.663)
2.690*** (2.355 to 3.074)

1.288*** (1.155 to 1.436)
0.901 (0.779 to 1.042)
1.220 (0.851 to 1.748)

1.363*** (1.237 to 1.503)

1.115*** (1.104 to 1.127)

1.103*** (1.095 to 1.111)

1.822*** (1.494 to 2.222)
1.553*** (1.300 to 1.854)
1.356** (1.121 to 1.641)

Model 4:
Max & Survey BMI

Table 3. Odds ratios of dying from all-cause mortality for adults aged 40-74 at baseline, NHANES 1988-2011.a

0.000*** (0.000 to 0.000)
35,146.26
35,292.13

1.035*** (1.026 to 1.044)
1.050*** (1.038 to 1.063)

1.467*** (1.302 to 1.654)
2.737*** (2.397 to 3.125)

1.295*** (1.160 to 1.445)
0.894 (0.774 to 1.032)
1.240 (0.862 to 1.783)

1.325*** (1.208 to 1.453)

1.115*** (1.103 to 1.126)

1.102*** (1.094 to 1.110)

1.804*** (1.480 to 2.200)
1.536*** (1.287 to 1.832)
1.347** (1.112 to 1.632)

Model 5:
Max - Survey BMI

when controlling for the fact that members of this group are more likely to have ever
been obese. There are similar declines in the odds ratios across Models 1, 2, and 3 for
high school graduates and those with some college. I account for rescaling using Karlson,
Holm, & Breen (2012) decompositions in Section 3.3 below.
Model 4 controls for maximum and survey BMI simultaneously. The odds ratios
for education in Model 4 are somewhat larger than those in the maximum BMI model
and somewhat smaller than those in the survey BMI model (though the differences are
not statistically significant). This indicates that, when analyzed jointly in the context of
educational mortality disparities, survey and maximum BMI may work in opposite
directions. As shown in Table 1, less educated individuals are both more likely to have
weighed more and to have lost more weight (likely due to illness): this reality is captured
when controlling for both survey and maximum BMI in a model of mortality. The
presence of maximum BMI in Model 4 shrinks mortality disparities by accounting for
having ever been obese, while survey BMI widens disparities by capturing weight loss.
That Model 4 is detecting illness-induced weight loss is further evidenced by the
odds ratios for the adiposity measures themselves. The nadir of the relationship between
survey BMI and mortality in Model 2 is 18.7 kg/m2, meaning that a higher BMI at survey
is associated with increased mortality above 18.7 kg/m2. In Model 4, however, survey
BMI does not have a positive association with mortality until a BMI value of 72.0 kg/m2.
The odds of dying in Model 4 are higher for obese individuals who have lost weight than
for similarly obese individuals who have maintained their weight: a finding indicative of
reverse causation.
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Model 5, which controls for both maximum BMI and weight lost from maximum
BMI, further supports the claim that reverse causation is at work in Model 4. In Model 5,
the odds of dying increase by 3.5% for each additional unit of maximum BMI, and
decrease by 5.0% for each BMI unit of weight loss. In this model, the survival advantage
of a college degree shrinks to an all-time low: we can explain a greater share of the
mortality gradient by controlling for the fact that while people with lower levels of
education tend to have weighed more than their higher educated counterparts in the past,
they also tend to have lost more weight, presumably because of illness. However, the
goal of the present analysis is not to account for the largest share of the gradient possible,
but rather to estimate the share of the gradient attributable to differential adiposity—not
adiposity and weight loss. Models 4 and 5 illustrate that when both maximum and current
BMI are in the model, the mortality hazards associated with weight loss become a
prominent factor. This reverse causal path is not the subject of this paper and creates a
statistical disturbance in investigating the subject of interest. As a result, I discard Models
4 and 5 for purposes of answering the fundamental question posed in this paper.
Having thus excluded Models 4 and 5, I turn to model performance criteria AIC
and BIC, presented in Table 3. Model 3, using maximum BMI, performs better than
Models 1 and 2 (AIC values of 35,320 versus 35,461 and 35,417, respectively; BIC
values of 35,456 versus 35,587 and 35,563, respectively). This finding is consistent with
previous research using model selection criteria to compare models using maximum and
survey BMI (Stokes and Preston 2016).
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Karlson, Holm, & Breen decompositions
Figure 1 displays direct results of the KHB decompositions, estimating the
percentage of the college-graduate mortality advantage that is associated with differences
in adiposity, using four different measures of adiposity. When estimated using maximum
BMI, the best-performing variable, adiposity is associated with between 10.3% and
12.0% of differences between those with and without four-year degrees. This is roughly
three times the explanatory power of survey BMI, which is associated with between 3.3%
and 4.6% of differences. Figure 1 also includes results examining the explanatory power
of two additional measures of body fat: waist circumference at survey and BMI at age 25.
BMI at age 25 performs similarly to survey BMI, explaining 2.7-4.9% of the differential,
while waist circumference is associated with a somewhat larger proportion of mortality
differences (5.1-7.0%).
Figure 2 presents results by sex and smoking status, using only maximum BMI.
Among women, differences in maximum BMI are associated with 15.1-16.8% of the
mortality advantage of college graduates. For men, this proportion is smaller and more
variable, ranging from 7.0-12.1%, likely due in part to the higher prevalence of smoking
among men (Jamal et al. 2015) and the stronger education-obesity gradient among
women (Yu 2012). Among never-smokers, adiposity is an even more powerful mediator
in the relationship between education and mortality: between 18.4% and 27.6% of the
mortality advantage for college graduates among never-smokers is associated with
differences in maximum BMI.
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Figure 1. Percentage of mortality differences between college graduates
and others mediated by adiposity, by adiposity measure.

Karlson, Holm, & Breen (2012) decompositions of discrete time logistic regressions.
All models include adiposity and smoking status as mediators of the relationship
between education and mortality. All models include additional covariates for age at
baseline, years since interview, sex, and race/ethnicity. Survey WC: waist
circumference measured at survey.
Source: NHANES 1988-2011.
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Figure 2. Percentage of mortality differences between college graduates
and others mediated by maximum BMI, by sex and smoking status.

Karlson, Holm, & Breen (2012) decompositions of discrete time logistic regressions.
All models include adiposity and smoking status (if applicable) as mediators of the
relationship between education and mortality. All models include additional covariates
for age at baseline, years since interview, sex (if applicable), and race/ethnicity.
Source: NHANES 1988-2011.
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Discussion and conclusion
Despite large gains in life expectancy in the United States and other high income
countries over the past century, substantial differences in mortality conditions persist
across subpopulations. One of many stratifying dimensions is educational attainment:
people with fewer years of schooling live fewer years, and spend fewer of these years
healthy (see e.g., Elo 2009; Hayward et al. 2015; Laditka and Laditka 2016; Mackenbach
et al. 2008; Mackenbach et al. 2015). Using nationally-representative data, I find that
educational differences in adiposity contribute to this disparity in the United States,
though the size of adiposity’s contribution is sensitive to how adiposity is measured.
The majority of prior work, finding little or no association between obesity and
educational differences in mortality, relies exclusively on a single, cross-sectional
observation of BMI at time of survey. This approach can underestimate the risks of
obesity since reverse causation due to illness biases the mortality risks of obesity
downward (Stokes and Preston 2016; Stokes and Preston 2016). Given that less educated
people are more likely to contract illnesses that induce weight loss, the likelihood of
reverse causation is especially great among less educated people, making analyses of
socio-economic differences in mortality particularly sensitive to the biases accompanying
BMI at survey. A growing body of research documents that lifetime maximum BMI is a
more reliable indicator of adiposity, both because it skirts issues of reverse causation and
because it contains information relating to weight history, which may have enduring
predictive power for mortality (Stokes and Preston 2016). This paper is the first to exploit
the advantages of maximum BMI to examine socio-economic disparities in mortality.
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The main analysis compared models of mortality using BMI at survey and
lifetime maximum BMI, finding that, based on model performance criteria AIC and BIC,
a model with maximum BMI best explained the observed data. This result is consistent
with existing research demonstrating the strengths of maximum BMI as a variable to
estimate obesity (Preston et al. 2015; Stokes and Preston 2016). I find that having ever
been obese is associated with increased mortality, net of current weight, and that having
ever been obese accounts for roughly three times more of the educational gradient in
mortality than does current weight status. Between 10.3% and 12.0% of the mortality
advantage of college graduates over non-graduates is associated with differences in
maximum BMI, compared to between 3.3% and 4.6% with survey BMI. One explanation
for the greater explanatory ability of maximum BMI is that less educated individuals are
more likely to contract illnesses that result in weight loss: a distinction overlooked by
survey BMI. A second is that maximum BMI captures elements of weight history
predictive of mortality (Preston et al. 2013), elements which are likely to vary with SES
(Pampel et al. 2010).
A limitation of this study is that the maximum BMI measure does not indicate at
what age an individual reached peak weight, nor for how long that weight was
maintained. A second limitation of this analysis is that maximum weight in NHANES is
based on recalled highest-ever weight and, judging from patterns observed in the Health
and Retirement Survey (HRS), likely over-estimated. Nevertheless, measured and
recalled peak weight in the HRS are highly correlated at 0.948 (Stokes and Ni 2016).
Using a continuous measure of BMI, rather than a categorical one, reduces much of the
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bias from weight self-reporting (Preston et al. 2015). A third limitation is that the
demonstrated relationship is not causal: having ever been obese is associated with
educational disparities in mortality. Examining the pathways between maximum BMI
and mortality, and whether they are causal, are important avenues for future research.
This study also does not provide insight into the upstream factors shaping differential
obesity prevalence by educational attainment in the first place.
The superior performance of maximum BMI highlights the need for health
surveys to collect data on maximum weight. Without declines in obesity prevalence, the
role of obesity in shaping the education-mortality relationship is likely to grow. Although
the sharp decline in smoking in recent years (Jamal et al. 2015) is a positive development
for health outcomes, it also indicates that obesity may take on a larger role in driving
mortality differentials. Among the growing number of never-smokers, maximum BMI is
associated with over one-fifth (18.4-27.6%) of the survival advantage of college
graduates, underscoring the urgency of levelling differences in obesity prevalence by
educational attainment.
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CHAPTER 2 :
TRENDS IN ALCOHOL-RELATED MORTALITY BY
EDUCATIONAL ATTAINMENT IN THE U.S., 2000-2017

Abstract
Background: Alcohol-related mortality rates in the U.S. have risen since 2000, though
how trends vary across socio-economic status is unclear.
Methods: This analysis combines data from vital statistics and the National Health
Interview Survey (NHIS) to estimate alcohol-related mortality rates at four levels of
educational attainment (less than high school, high school/GED, some college/associate’s
degree, four-year degree or more) over the period 2000-2017. The analysis includes a
comprehensive set of 48 alcohol-related causes of death, including causes which are
indirectly influenced by alcohol use. I consider period and cohort patterns in inequality
using the relative index of inequality (RII).
Results: Mortality rates increased over the study period, at all levels of educational
attainment. Relative increases were larger for females than males at nearly all ages and
levels of educational attainment, and were largest among 45-59 year-old women. Male and
female members of the 1950-1959 birth cohort exhibited elevated rates of alcohol-related
mortality relative to neighboring cohorts. Despite widespread increases in alcohol-related
mortality, educational inequalities present at the beginning of the analysis persisted and
exceeded those in all-cause mortality. Disparities were typically greatest among younger
adults ages 30-44, though inequality in this age group declined over time. Inequality
increased among females ages 60-74, as well as among males ages 45-74.
Implications: While interventions targeting these groups may reduce educational
disparities, care should also be taken to stem the increasing prevalence of alcohol-related
deaths at all levels of educational attainment.
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The Centers for Disease Control and Prevention (CDC) estimates that alcoholrelated mortality rates increased 36% over the first 17 years of the 21st century (Miniño et
al. 2002; Xu et al. 2018). Unfavorable trends in alcohol-related mortality were
accompanied by growth in high risk drinking behaviors, especially among women, older
adults, ethnic/racial minorities, and groups of lower socio-economic status (Grant et al.
2017). Although increases in alcohol-related mortality rates have often been considered a
leading contributor to growing divides in mortality patterns by educational attainment
(see, e.g., Case and Deaton 2015; 2017), trends in alcohol-related mortality by education
are commonly examined only in combination with drug-overdose and suicide mortality.
The mechanisms resulting in alcohol-related deaths, and their underlying trends,
however, may differ from those resulting in drug-related or suicide deaths.
This study examines alcohol-related mortality rates by educational attainment,
independent of drug-overdose and suicide mortality, and is guided by the following
questions:
1. What are the recent trends in alcohol-related mortality rates by sex and level of
educational attainment in the U.S.?
2. How has inequality in alcohol-related mortality by educational attainment
changed over time?
2a. What are the period and cohort trends in inequality?
To answer these questions, I combine data from vital statistics and from the
National Health Interview Survey. While past analyses have often been limited to a small
set of alcohol-related causes, this is the first study to consider educational disparities in
all 48 of the adult causes of death which have been consistently linked to the
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consumption of alcohol. The analysis is the first study of alcohol-related mortality to
address bias associated with misreporting of decedents’ educational attainment on death
certificates.

Background
Alcohol-related causes of death
To estimate the annual alcohol-related mortality rates cited above, the CDC limits
alcohol-related causes of death to those which are 100% attributable to alcohol use. These
are deaths which cannot occur without the consumption of alcohol, and include
conditions such as alcoholic liver diseases and alcohol poisoning. In addition to these
100%-attributable causes, however, alcohol consumption can also influence mortality
risks for other causes, including accidents, cardiovascular diseases, and cancers (Baan et
al. 2007; Breslow and Graubard 2008; Rehm et al. 2010). The CDC’s Alcohol-Related
Disease Impact (ARDI) application compiles empirical evidence linking consumption to
cause-specific mortality risks in the form of alcohol-attributable fractions (AAF).
Fractions range from .01 for certain conditions such as chronic hepatitis or hypertension
to 1 for entirely alcohol-attributable causes. While fractions are small for many indirect
causes, some indirect causes contribute considerably to the overall landscape of alcoholrelated mortality. Notably, fatal motor vehicle accidents involving alcohol comprised
14% of alcohol-related deaths between 2006 and 2010, second only to alcoholic liver
disease at 17% (ARDI). Using these fractions, Stahre et al. (2014) estimate that 1 in 10
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deaths of working age adults between 2006 and 2010 were attributable to alcohol (agestandardized death rate of 27.9 per 100,000).
One mechanism through which alcohol use may influence mortality risks is
through interaction with other risk factors. Heavy alcohol consumption reduces diet
quality (Breslow et al. 2010; Lieber 2003) and can suppress immune function (Watzl and
Watson 1992), consequences which may speed the development of fatal health
conditions. Probst et al. (2014) hypothesize that these factors may be especially salient
for lower status groups, whose lower likelihood to purchase healthy foods may decrease
the body’s ability to process alcohol. Similarly, the combination of alcohol and cigarette
use is associated with increased mortality risks from aero-digestive cancers, and possibly
from traffic and fire injuries (Taylor and Rehm 2006). Given the negative relationship
between cigarette smoking and educational attainment (Jamal et al. 2015), this interaction
may disproportionately affect less educated groups. Heavy drinking is also associated
with a greater risk of developing colorectal cancer, but only among obese individuals
(Zhao et al. 2012). Since individuals of lower levels of educational attainment are more
likely to have ever been obese (Vierboom 2017), this interaction too may
disproportionately affect lower status groups.

Trends and differentials in alcohol consumption
Binge drinking (consuming 5 or more alcoholic drinks per sitting for men and 4 or
more drinks for women) was responsible for more than half of all alcohol-related deaths
between 2006 and 2010 (ARDI). While research suggests that moderate alcohol
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consumption may be protective for certain conditions (Bell et al. 2017), Roerecke and
Rehm (2010) find that any beneficial effects for heart disease disappear when “light to
moderate drinking is mixed with irregular heavy drinking occasions.” Although richer
and more educated groups are more likely to binge drink, the frequency and intensity of
binge drinking among binge drinkers is highest for less educated groups (CDC 2012;
Kanny et al. 2018). Such differences in self-reported long-term drinking behaviors have
been estimated to account for roughly 18% of differences in all-cause mortality between
less-than-high-school and college graduates (Mehta et al. 2015).
Social factors are important mediators on the pathway between problematic
alcohol use and death. Research by Rogers et al. (2015) suggests that the social harms
associated with problematic drinking, such as a spouse threatening to leave, may have
larger implications for mortality than the possible physical harms of drinking. The
threshold for incurring social harm may vary across groups. People with lower levels of
educational attainment are more likely to report higher levels of perceived stigma when it
comes to their drinking behavior—a trait that is associated with a lower likelihood of
seeking treatment for an alcohol disorder (Keyes et al. 2010). An individual with
relatively little formal education may therefore face greater perceived social harm and be
less likely to seek treatment than others, even at the same levels of alcohol consumption.
The prevalence of alcohol-related mortality and/or problematic drinking varies
across cohorts, age groups, and period. Cohort-specific life course factors may initiate
long-term “biological or psychological chains of risk” (Kuh et al. 2003) that create cohort
patterns in alcohol consumption (Lui et al. 2018; Virtanen et al. 2018). Extended
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durations of poverty or involuntary unemployment in early adulthood, for example,
significantly predict heavy alcohol use in adulthood (Caldwell et al. 2008; Mossakowski
2008). As with many health behaviors, the prevalence, frequency, and intensity of
problematic drinking additionally is not evenly distributed across the life course, often
peaking in young- to mid-adulthood (Kanny et al. 2018). An extensive body of research
has also debated the existence of period effects in alcohol-related mortality and
consumption, especially in response to recessions or fluctuations in the price of alcohol
(Herttua et al. 2011; Herttua et al. 2017; Makela et al. 2015; Zaridze et al. 2009).

Methods & Data
Overview
I examine trends in alcohol-related mortality rates between 2000-2017 and
consider educational disparities in those rates using the relative index of inequality (RII).
I consider trends in four age groups (30+, 30-44, 45-59, and 60-74) and across six tenyear birth cohorts (1920’s-1960’s). To estimate period rates, I pool annual data across
three 6-year time periods: 2000-05, 2006-11, and 2012-17. For cohort calculations, data
is pooled across 10-year birth cohorts and 10-year age intervals. To avoid relying on
small sample sizes of deaths, cohort analyses begin at age 40.
Educational attainment is treated in four levels: less than high school, high school
degree or equivalent, some college or associate’s degree, and bachelor’s degree or higher.
While mortality rates by educational attainment are by nature calculated using only data
on individuals not missing information on educational attainment, mortality rates for the
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population as a whole are estimated using all individuals, regardless of missingness on
educational attainment.
All estimates were performed using Stata Version 15.

The dual data source bias
Typically, mortality rates are calculated by dividing the number of deaths by
person-years of exposure. In simplified notation, the alcohol-related mortality rate, 𝑀𝑎𝑙𝑐 ,
is estimated as:
𝑀𝑎𝑙𝑐 =

𝐷 𝑎𝑙𝑐
𝑃𝑌𝐿

(1)

where 𝐷𝑎𝑙𝑐 is the number of alcohol-related deaths and 𝑃𝑌𝐿 is the number of
person-years lived. In the U.S., these rates are often calculated using death certificate data
from vital statistics in the numerator and person-year estimates from the Census or the
Current Population Survey (CPS) in the denominator. Calculating age-specific mortality
rates by educational attainment, however, requires having reliable information on
educational attainment in both the numerator and the denominator. Unlike in surveys,
educational attainment on death certificates is not self-reported, but reported by funeral
directors, sometimes with help of surviving kin (Rostron et al. 2010). The CDC estimates
that educational attainment on death certificates is incompatible with self-reported
educational attainment in the CPS in 28% of cases (Rostron et al. 2010). Termed the dual
data source bias, this numerator-denominator mismatch can significantly bias estimates
of education-specific mortality rates (Hendi 2017; Rostron et al. 2010).
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To avoid combining two sources of education reporting in a single fraction, I use
a method outlined in Ho’s (2017) study of educational disparities in drug overdose
deaths. Equation (1) above can be expanded to:
𝑀𝑎𝑙𝑐 =

𝐷 𝑎𝑙𝑐
𝐷 𝑎𝑙𝑙

∗

𝐷 𝑎𝑙𝑙

(2)

𝑃𝑌𝐿

where 𝐷𝑎𝑙𝑙 is the number of deaths from all causes. Equation (2) can then be rewritten as:
𝑀𝑎𝑙𝑐 = 𝑅 𝑎𝑙𝑐 ∗ 𝑀𝑎𝑙𝑙

(3)

where 𝑅 𝑎𝑙𝑐 is the proportion of all deaths attributable to alcohol and 𝑀𝑎𝑙𝑙 is the mortality
rate from all causes. Although 𝑀𝑎𝑙𝑙 and 𝑅 𝑎𝑙𝑐 must still be estimated using survey and
vital statistics data, each can be estimated using a single source and without combining
different sources of education reporting in the same fraction.

Calculating the proportion of deaths attributable to alcohol (Ralc)
To estimate the proportion of deaths attributable to alcohol within a demographic
group, I use public-use multiple cause-of-death files for years 2000-2017, downloaded
from the National Bureau of Economic Research (NBER 2019). The records, which
include all death certificates filed in a given year, list a decedent’s age, sex, educational
attainment, underlying cause of death, and any contributing causes of death. I classify
deaths as alcohol-related according to the classification system developed by the CDC’s
Alcohol-Related Disease Impact (ARDI) application. The ARDI application groups
alcohol-related causes of death into three categories, explained below and listed in
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Appendix Table 1. A more thorough explanation of the CDC’s methods is available on
the ARDI website (cdc.gov/ARDI).
The first category is a set of 10 causes which are 100% attributable to alcohol use,
such as alcohol abuse and alcoholic liver disease. In the present analysis, I classify a
death as alcohol-related if any cause on the death certificate, either underlying or
contributing, is one of these 10 causes.
The second classification of causes in the ARDI database are causes for which
previous studies have directly observed the relationship between alcohol use and a given
underlying cause of death. In some studies, investigators measured the proportion of
persons dying from a particular cause with blood alcohol concentrations above a certain
level. In others, follow-up studies obtained information from medical records or next-ofkin interviews to determine “a decedent’s pattern of alcohol consumption” (see ARDI
methods section). Both types of studies provide a direct estimate of the proportion of
deaths from a particular cause that are associated with alcohol use (termed the alcohol
attributable fraction, or AAF). Appendix Table 1 lists the ICD-10 code(s) and AAF
assigned to each cause.
The final set of ARDI causes include those for which CDC researchers combined
data on the prevalence of alcohol consumption and data from meta-analyses on the
association between cause-specific mortality risks and consumption to indirectly measure
the alcohol-attributable fraction. Indirectly-measured fractions are based on cut-points for
low, medium, and high levels of consumption. In this analysis, I assign all groups the
fractions associated with a medium level of consumption. The fractions are often smallest
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at this level of consumption, thus minimizing possible bias associated with mis-assigning
consumption levels. Under the assumption of medium consumption, these causes
comprised between 4.4% and 9.0% of all alcohol-related deaths between 2000 and 2017
(Appendix Figure 1).
To estimate the total number of alcohol-related deaths in a given demographic
group, I sum the number of deaths with 100% alcohol-attributable (underlying or
contributing) causes of death with the number of deaths from (underlying) causes with
directly- or indirectly-measured AAFs, each having been multiplied by their respective
fraction. To avoid over-counting, deaths with an underlying AAF cause of death and a
100% alcohol-attributable contributing cause are excluded from the sum of AAF causes
(since these deaths have already been classified as alcohol-related). In the case of a
negative AAF, which indicates a protective effect of consumption, I subtract the number
of deaths averted from the total of alcohol-related deaths. Appendix Figure 1 illustrates
the distribution of the ARDI components of alcohol-related deaths over the period.
The AAFs are assumed to apply equally across age and levels of educational
attainment, which may introduce error. In a sensitivity analysis, I consider trends only in
the 13 causes of death which are 100% attributable to alcohol consumption.

Calculating all-cause mortality rates by educational attainment (Mall)
To estimate all-cause mortality rates by educational attainment, I use data from
the 1990-2009 public-use waves of the National Health Interview Survey (NHIS),
downloaded from IPUMS (Blewett et al. 2018). NHIS, administered annually by the
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National Center for Health Statistics (NCHS), is a cross-sectional health survey that is
nationally-representative of the non-institutionalized civilian population. Each wave has
been linked to the National Death Index through December 2011, allowing for mortality
follow-up. Although the NHIS includes decedents’ causes of death, the survey cannot be
used to estimate alcohol-related mortality on its own due to the limited set of causes of
death and small sample sizes of cause-specific deaths. More detailed information on
survey design and sampling procedures are available on the IPUMS website
(nhis.ipums.org).
I use mortality follow-up information to construct a person-year file in which
respondents are censored upon contributing 10 years of follow-up, death, or at the end of
2011; whichever comes first. I restrict the study population to adults who were eligible
for mortality follow-up and who were at least 30 years old at time of follow-up. Eligible
respondents who were younger than 30 at baseline, but at least 25 (when formal
schooling up to a college degree has likely been completed), can age into the sample
upon reaching age 30. Although the analysis begins in 2000, I allow surviving
respondents from waves as early as 1990 to enter the sample in 2000.
Table 1 shows the number of deaths and person-years lived in the person-year
file. Although the counts in Table 1 are unweighted to show sample size, all calculations
use the NCHS-recommended sampling weights to adjust for respondents who were
ineligible for mortality follow-up (mortwt in IPUMS). To estimate age-specific mortality
rates from all causes by period, I divide the weighted count of deaths by the count of
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person-years in each demographic group (sex, level of educational attainment, 5-year age
interval), either across years (2000-2005 and 2006-2011) or 10-year birth cohort.
In sensitivity analyses, I also consider trends by period and cohort in the slope
index of inequality, or SII. In contrast to the RII, which is a relative measure, the SII
expresses the absolute difference between the predicted rates for the top and bottom of
the distribution. While most research on health inequalities considers only relative
inequalities (King et al. 2012), absolute differences in mortality conditions are
responsible for shaping disparities in measures like life expectancy.

Combining Ralc and Mall
After multiplying all-cause mortality rates from the NHIS by the fraction of deaths
associated with alcohol in vital statistics (Equation 3), I age-standardize period rates
using the 2012 U.S. age distribution. To minimize cohort differences in age distributions
across 10-year age intervals owing to differential exposure times, I standardize rates
within each age interval (assuming a standard of 0.5 in both of the 5- year age intervals).
To capitalize on the most recent vital statistics data, I estimate alcohol-related mortality
rates for 2012-2017 under the assumption that all-cause mortality rates remained constant
at 2006-2011 levels (while allowing Ralc to vary).
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187
304
191
62
133
187
153
56

2000-2005
LHS
HS
SC
BA

2006-2011
LHS
HS
SC
BA
511
772
580
200

618
898
507
195

669
1,077
747
279

765
1,148
819
357

1,089
1,415
795
297

1,710
1,997
801
272

1,418
1,709
1,036
436

2,046
2,196
1,093
529

5,523
6,408
3,358
1,193

8,634
8,000
3,382
1,282

5,208
5,771
3,516
1,683

7,575
7,033
3,765
1,869

All 30+

71,957
137,266
149,269
97,734

91,103
212,841
183,121
112,074

72,190
143,091
119,747
82,784

89,205
206,406
144,537
96,627

30-44

72,886
178,867
166,628
95,156

87,853
224,248
166,559
90,562

69,390
164,099
134,969
87,843

80,113
182,559
142,210
94,467

45-59

60,479
118,383
79,588
38,579

87,084
146,327
68,573
31,082

50,540
87,161
65,596
43,351

72,503
100,507
55,525
37,450

60-74

Age
60-74

Age
45-59

Person-years lived

Deaths

262,974
508,354
432,161
246,255

351,022
671,485
455,004
248,514

227,242
432,585
343,072
229,501

292,152
533,029
364,562
243,495

All 30+

Source: NHIS 1990-2009. Note: Unweighted sample sizes shown; all-cause mortality rates estimated using survey weights. LHS: less than high
school. HS: High school diploma or GED. SC: Some college or associate’s degree. BA: Bachelor’s degree or more.

185
292
204
68

265
408
250
83

30-44

2006-2011
LHS
HS
SC
BA

2000-2005
LHS
HS
SC
BA

Period &
education

Table 1. Sample sizes in NHIS person-year file used to estimate all-cause mortality rates (Mall).

Males

Females

The Relative Index of Inequality (RII)
To calculate the relative index of inequality (Mackenbach and Kunst 1997;
Schalick et al. 2000), I regress age-standardized death rates against the midpoints of the
cumulative proportion of the four levels of educational attainment in the U.S. population,
ranked lowest to highest. For period analyses, I use the sex-specific distribution of
educational attainment in the CPS for the given age range in the first year of each period.
For 30-44 year-olds, for example, I use the distribution of educational attainment among
30-44 year olds in years 2000, 2006, and 2012. For cohorts, I use the sex-specific
distributions among 30-39 year-olds in the year when cohort members were 30-39 years
old (for the 1940’s cohort, for example, I use the distribution among 30-39 year-olds in
the 1980 CPS). I use weighted least squares regressions weighted by the relative size of
each level of educational attainment.
The RII, commonly expressed as the ratio of the predicted mortality rate for the
lowest status group against the predicted rate for the highest status group (Mackenbach
and Kunst 1997; Schalick et al. 2000), can be interpreted as the relative disadvantage
associated with belonging to the 0th vs. 100th percentile of educational attainment. The
measure controls for changes in the distribution of educational attainment in the
population over time, while additionally accounting for patterns throughout the
distribution.

46

Results
Table 2 shows the percentage of all deaths attributable to alcohol (Ralc * 100) in
vital statistics. Regardless of sex or educational attainment, the percentage of deaths
attributable to alcohol was greatest at ages 30-34 (hovering around 25% for males and
15% for females) and diminished with age (shrinking to less than 2% above age 80).
Remarkably, the percentage of deaths attributable to alcohol increased between 2000-05
and 2012-17 for each of the 72 age, sex, and education groups in Table 2. Three of the
four largest absolute increases were recorded among 30-34 year-old women with at least
a high school degree (increases of 4.3-5.0 percentage points), while the four largest
percent increases occurred among 55-64 year-old women without a college degree
(increases of 68-85%). The negative association between Ralc and educational attainment,
which is strong at young- and mid-adult ages, weakened with age and at some point was
reversed. At ages 55 and above, the fraction of deaths attributable to alcohol was higher
among women with college degrees than among women who did not graduate from high
school.
Table 3 shows trends in age-standardized all-cause and alcohol-related mortality
rates by educational attainment for adults 30+. Between 2000-05 and 2006-11, all-cause
mortality rates for the population as a whole declined, as well as for all levels of
educational attainment except less-than-high-school graduates. Rates among this group
showed little change for men (an increase of 0.5%) and a small decrease for women
(3%). In contrast to widespread improvements in all-cause mortality, death rates from
alcohol-related causes for the overall population increased 22% for males and 37% for
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27.15
25.54
24.30
20.21
27.97
27.07
26.22
23.53
15.33
14.02
14.44
11.85
15.70
15.03
15.98
12.98
18.11
18.43
19.39
16.13

LHS
HS
SC
BA

LHS
HS
SC
BA

LHS
HS
SC
BA

LHS
HS
SC
BA

LHS
HS
SC
BA

13.28
13.94
14.36
11.41

13.03
12.87
12.70
10.27

12.81
12.09
11.41
9.30

22.43
21.04
21.05
19.10

21.13
19.99
19.16
17.30

11.60
12.45
12.35
10.50

11.06
11.40
10.78
9.10

9.81
9.55
9.07
7.56

19.76
18.61
18.29
16.67

18.20
17.52
16.68
14.89

9.48
10.37
10.26
8.92

7.80
8.43
8.48
7.36

6.35
6.26
6.54
5.93

16.83
16.11
15.30
14.19

14.79
14.60
13.79
12.00

6.38
7.28
7.43
6.61

4.77
5.33
5.75
5.40

3.79
3.94
4.19
4.30

12.69
12.66
11.82
10.75

10.57
10.92
10.34
9.19

3.92
4.55
4.95
4.71

2.90
3.22
3.68
3.84

2.50
2.63
3.10
3.19

8.97
9.31
8.96
7.95

6.91
7.13
7.08
6.63

2.42
2.68
2.99
3.23

1.97
2.10
2.43
2.58

1.75
1.86
2.16
2.44

5.50
5.71
5.61
5.36

1.73
1.82
2.06
2.30

1.47
1.56
1.75
1.93

1.31
1.40
1.58
1.79

3.38
3.46
3.48
3.67

2.94
2.87
2.86
3.10

2.67
2.53
2.60
2.62

4.07
3.76
3.71
3.67
4.50
4.33
4.45
4.35

70-74

65-69

1.33
1.40
1.55
1.65

1.14
1.19
1.38
1.46

0.99
1.05
1.19
1.30

2.31
2.38
2.41
2.56

2.02
2.01
2.08
2.16

1.79
1.77
1.81
1.88

75-79

1.05
1.15
1.24
1.33

0.91
0.97
1.05
1.16

0.76
0.83
0.92
0.97

1.69
1.73
1.82
1.90

1.47
1.48
1.55
1.66

1.30
1.30
1.36
1.44

80-84

Source: Vital statistics 2000-2017. Note: The number of deaths in each cell (not shown) range from 735 to 33,299 deaths per 100,000, with an
approximate mean of 5,600 deaths per 100,000. LHS: less than high school. HS: High school diploma or GED. SC: Some college or associate’s
degree. BA: Bachelor’s degree or more.

15.41
16.16
16.90
12.67

13.98
13.77
14.00
11.18

14.58
13.58
13.02
10.05

25.12
24.16
23.94
21.57

24.11
22.14
21.13
18.84

Table 2. Percentage of deaths in vital statistics attributable to alcohol (Ralc * 100).
Period &
Age
education
30-34
35-39
40-44 45-49 50-54 55-59 60-64
26.88
23.73
21.77
18.03
13.75
8.94
6.10
LHS
24.70
21.63
19.45
16.79
12.94
8.59
5.80
HS
23.02
20.03
18.14
15.40
12.37
8.30
5.56
SC
19.28
16.74
15.05
12.83
10.49
7.65
5.42
BA

Males

Females

2000-2005

2006-2011

2012-2017

2006-2011

2012-2017

2000-2005
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0.82
0.92
1.01
1.02

0.68
0.75
0.83
0.84

0.54
0.59
0.64
0.66

1.22
1.27
1.32
1.40

1.04
1.08
1.16
1.18

0.93
0.96
1.03
1.04

85+

women between 2000-05 and 2012-17. Although absolute increases over the 18-year
study period were largest for less-than-high-school graduates (increases of 28.3
additional alcohol-related deaths per 100,000 among men and 12.8 among women),
relative increases were largest for high school graduates (30% for males and 45% for
females). Males exhibited a higher incidence of alcohol-related mortality than women,
though relative increases were larger among the latter at all levels of educational
attainment (11-30% vs. 27-45%).
Table 3 suggests that well-documented educational inequalities in all-cause
mortality were eclipsed by those in alcohol-related mortality. In 2000-05, non-highschool graduate males were 1.8 times more likely to die from all causes than college
graduates, but 2.8 times more likely to die from alcohol-related causes (2.0 vs. 2.6 among
women). Among males, inequality in alcohol-related mortality as measured by the RII
grew over the 18-year study period, peaking at 3.00 in the middle of the period. In
contrast, increases in alcohol-related mortality rates among women were accompanied by
little change in the RII (stable around 2.5).
To illuminate age patterns underlying trends in Table 3, Table 4 shows agestandardized alcohol-related mortality rates and RIIs for three 15-year age intervals (3044, 45-59, and 60-74). Over the period, alcohol-related mortality rates for the overall
population increased regardless of age group, ranging from 8% among 30-44 year-old
men to 58% among 45-59 year-old women. Rates by educational attainment increased at
least 11% for all groups except college-educated males ages 60-74 (3.1% increase), 30-44
year-old females without a high school degree (0.8% increase), and 30-44 year-old males
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Table 3. Age-standardized mortality rate (per 100,000) and relative index of inequality in
all-cause and alcohol-related mortality by period, adults 30+.
Period
Cause & education

Females

Males

2000-2005 2006-2011 2012-2017
All causes
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+
Alcohol-related causes
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+
All causes
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+
Alcohol-related causes
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+

1.74

2.03

--

1712.0
1341.2
1249.8
941.6

1720.2
1255.9
1111.1
796.1

-----

2.61

3.00

2.93

100.5
67.1
59.1
36.5

111.4
75.0
61.6
34.6

128.8
86.8
71.4
40.5

1.96

2.04

--

1222.6
862.8
746.0
616.5

1186.8
810.6
696.2
547.5

-----

2.52

2.54

2.50

36.1
23.0
19.7
14.0

41.3
27.2
23.0
15.0

48.9
33.3
28.0
17.8

% change
(2000-05)
– (2012-17)

-----

28.16
29.36
20.81
10.96

-----

35.46
44.78
42.13
27.14

Source: NHIS 1990-2009 and vital statistics 2000-2017. Note: Mortality rates age-standardized using the
2012 U.S. population distribution. LHS: less than high school. HS: High school diploma or GED. SC:
Some college or associate’s degree. BA: Bachelor’s degree or more.
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without a high school degree (a decline of 8.1%). No change or even declines in rates for
the least educated group at ages 30-44 is reflected in significant declines in the RII over
time. Nevertheless, inequality among women in this age group remained higher than at
any other age throughout the period. Among males, accelerating inequality among 45-59
year-olds surpassed inequality at younger ages by the middle of the period.
Percent increases in alcohol-related mortality rates were larger for females than
males in 10 out of 12 age and education comparisons. The top three largest increases in
Table 4 occurred for women ages 45-59. Increases here were led by women with some
college or an associate’s degree (73.2% increase), followed by women with a terminal
high school degree (70.5% increase). As a result of these sizable rate increases in the
middle of the education distribution, the female RII in the middle ages remained constant
over the period. In contrast, inequality grew for females 60-74, as well as for males 4574.
Appendix Table 2 reproduces Table 4, but only for the 13 causes of death which
are 100% alcohol-attributable. Although mortality rates from 100% attributable causes
are lower than for the wider definition of alcohol-related deaths, most percentage changes
over the period are comparable. As in Table 4, relative increases in 100% alcoholattributable mortality among women exceeded those among men in 10 out of 12 age and
education groups and the two largest relative increases in these causes occurred for 45-59
year-old women with some college (87%) and a terminal high school degree (78%).
Among men, relative inequality was higher among these causes than for all alcoholrelated causes, though this was not always true for women. Overall time trends in relative
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Table 4. Age-standardized mortality rate (per 100,000) and relative index of inequality in
alcohol-related mortality, by age and period.
Period
% change
Age & education
(2000-05)
2000-2005 2006-2011 2012-2017
– (2012-17)

Males

30-44
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+
45-59
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+
60-74
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+

Females

30-44
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+
45-59
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+
60-74
Relative index of ineq.
Mortality rates
LHS
HS
SC
BA+

4.29

3.55

3.28

68.5
39.3
33.0
14.7

60.1
43.9
33.1
15.7

63.0
46.8
36.6
17.8

3.09

3.82

3.71

122.8
77.1
66.6
36.7

144.0
90.3
69.9
34.3

165.5
100.6
78.2
39.9

2.05

2.87

2.91

109.0
81.7
73.3
51.1

133.6
88.6
77.3
43.8

166.1
114.2
96.8
52.8

4.91

4.14

3.94

27.7
16.9
12.2
5.5

26.1
17.7
13.1
5.8

28.0
20.4
15.3
6.6

3.28

3.32

3.27

42.9
24.2
18.8
13.0

55.2
33.5
26.7
14.7

66.2
41.2
32.6
17.6

1.70

1.84

1.84

34.6
24.1
25.4
19.1

39.2
25.8
24.9
20.2

49.9
33.9
31.5
24.8

-8.1
19.0
11.0
21.2

34.8
30.4
17.4
8.9

52.5
39.7
32.1
3.1

0.8
20.5
25.7
20.3

54.3
70.5
73.2
35.9

44.3
40.5
24.2
29.8

Source: NHIS 1990-2009 and Vital Statistics 2000-17. Note: Mortality rates age-standardized using the 2012
U.S. population distribution. LHS: less than high school. HS: High school diploma or GED. SC: Some college
or associate’s degree. BA: Bachelor’s degree or more.
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inequality are similar between Table 4 and Appendix Table 2. Just as for all alcoholrelated causes, inequality in 100% alcohol-attributable causes at ages 30-44 declined
considerably over time (more than halving for both men and women). Relative inequality
increased for men ages 45-59 and 60-74, and women ages 60-74.
Tables 5a and 5b consider trends in alcohol-related mortality rates and inequality
across 10-year birth cohorts at comparable 10-year age intervals, for males (Table 5a) and
females (Table 5b). For both sexes, the 1950’s cohort stands out for its unusual patterns.
It is the only cohort for which mortality rates at all levels of educational attainment
consistently exceeded rates in a neighboring cohort (relative to the 1940’s cohort for
females, and relative to both the 1940’s and 1960’s cohorts for males). Within-cohort rate
increases between ages 40-49 and 50-59 in this cohort were also notably large, especially
for college graduates (for whom rates nearly doubled with age). Males born between
1950-1959 experienced greater levels of educational inequality in alcohol-related
mortality than did neighboring cohorts. For females in this cohort, inequality at ages 4049 was greater than in any subgroup in any other table (RII of 5.69). By ages 50-59,
however, the RII for females in this cohort declined considerably to 2.90, driven by rapid
increases in alcohol mortality among the most educated groups.
Appendix Tables 3 and 4 show the slope index of inequality (SII) by period
(Appendix Table 3) and cohort (Appendix Table 4). During the study period, absolute
differences in alcohol-related mortality between adults ages 30+ at the top vs. bottom of
the education distribution grew 34% for both men and women. Among adults ages 30-44,
absolute inequality declined over the study period among men (from an initial difference
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of 47 deaths per 100,000 to a difference of 42 deaths per 100,000 by the end of the
period) and remained constant for women (SII around 19 deaths per 100,000). For the
remaining age groups in Appendix Table 3, absolute differences grew over time.
Appendix Table 4 presents the SII by age and cohort. Just as with relative inequality,
absolute inequality is higher for men and women born in the 1950’s than for neighboring
cohorts. While the relative disadvantage associated with belonging to the bottom
percentile of the education distribution is larger for 50-59 year-old women born in the
1950’s than for any other group in this analysis (Table 5b), it is men from this
demographic group who exhibit the largest absolute inequality, at 104 deaths per
100,000.
Discussion
Findings in context
This paper examined trends in inequalities in alcohol-related mortality by
educational attainment in the U.S. over the period 2000-2017. It is the first study to
document universal increases in alcohol-related mortality at ages 30+ for both sexes and
at all levels of educational attainment, with increases ranging from 11-45% (Table 3).
Large educational disparities in alcohol-related mortality that existed at the beginning of
the study widened among men ages 45-74, as well as among women ages 60-74.
Inequality at ages 30-44 declined for both sexes, driven by declining or stable rates
among less-than-high-school graduates and rising rates at higher levels of educational
attainment. Shifting patterns in this age group are consistent with work by Lui et al.
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Table 5a. Relative index of inequality in alcohol-related mortality, by age & cohort. Males.
Age

Cohort & Education
40-49

50-59

60-69

1920-1929
Relative index of inequality
Mortality rates
LHS
HS
SC
BA

1.67
106.5
82.9
78.2
59.8

1930-1939
Relative index of inequality
Mortality rates
LHS
HS
SC
BA
1940-1949
Relative index of inequality
Mortality rates
LHS
HS
SC
BA
1950-1959
Relative index of inequality
Mortality rates
LHS
HS
SC
BA
1960-1969
Relative index of inequality
Mortality rates
LHS
HS
SC
BA

70-79

2.06

1.70

111.5
79.4
70.9
53.5

110.5
80.3
78.8
64.9

2.80

2.91

121.1
80.9
70.0
40.0

126.3
86.4
74.6
39.7

4.90

3.55

113.7
60.6
46.9
21.6

164.3
100.2
78.0
42.6

3.97
78.3
58.2
46.2
16.4

Source: NHIS 1990-2009 and vital statistics 2000-2017. Note: To minimize cohort differences in age
distributions due to different exposure times, rates are age-standardized within each 10-year age interval
(assuming a standard of 0.5 in each 5-year age interval). LHS: less than high school. HS: High school
diploma or GED. SC: Some college or associate’s degree. BA: Bachelor’s degree or more.
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Table 5b. Relative index of inequality in alcohol-related mortality, by age & cohort.
Females.
Age

Cohort & Education
40-49

50-59

60-69

1920-1929
Relative index of inequality
Mortality rates
LHS
HS
SC
BA

1.23
36.4
30.9
33.0
29.7

1930-1939
Relative index of inequality
Mortality rates
LHS
HS
SC
BA
1940-1949
Relative index of inequality
Mortality rates
LHS
HS
SC
BA
1950-1959
Relative index of inequality
Mortality rates
LHS
HS
SC
BA
1960-1969
Relative index of inequality
Mortality rates
LHS
HS
SC
BA

70-79

37.6
23.5
22.9
17.1

50.5
32.8
27.7
15.7
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37.5
29.7
30.9
26.1

41.4
21.9
18.0
13.2

49.0
23.6
17.0
8.7

See notes for Table 5a.

33.2
21.7
25.8
18.4

2.02

2.80

44.7
26.3
18.9
8.9

1.40

3.24

5.69

4.72

1.76

(2018) who find that, in cohorts born after 1975, heavy drinking is more common among
groups with higher levels of educational attainment.
Relative to neighboring cohorts, the 1950’s birth cohort experienced elevated
alcohol-related mortality rates. Educational inequalities were especially high in this
cohort, particularly among 40-49 year-old women. Disparities are consistent with work
documenting notably high levels of heavy drinking among less educated women in the
1956-1960 birth cohort (Lui et al. 2018). That pattern may have weakened with age,
however. By ages 50-59, considerable increases in alcohol-related mortality for welleducated women led to significant reductions in inequality.
How does the U.S. compare to other high-income countries? In an analysis of
alcohol-related mortality in several European countries, Mackenbach et al. (2015)
document a distinction between Western and Southern European countries on one hand
(where alcohol-mortality rates changed little over recent decades), and Eastern and
Northern countries on the other (where rates rose for all socio-economic groups over the
period). The patterns documented in this analysis suggest that the U.S. trajectory is
similar to the one observed in Eastern and Northern Europe. Widespread increases in
these countries were particularly rapid for lower SES groups, considerably widening
social disparities. This is also true for U.S. males, though U.S. females do not
consistently fit this pattern, given particularly rapid increases in alcohol-related mortality
among women with a terminal high school degree or some college experience.
Despite similar trends, the magnitude of alcohol mortality rates among males in
Eastern and Northern European countries far exceeds that documented among U.S. males
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in the present analysis. Herttua et al.’s (2007) analysis of alcohol-related mortality at low,
medium, and high levels of educational attainment in Finland estimated that male rates in
2002-03 ranged from roughly 62 deaths per 100,000 at the high level of educational
attainment to 195 deaths per 100,000 at the low level; nearly twice as high as the 2000-05
range in the present analysis (37 to 101 deaths per 100,000)1. Surprisingly, rates among
females were remarkably similar between these two studies, ranging from roughly 14 to
40 deaths per 100,000 for the high and low levels of educational attainment in Herttua et
al.’s study and from 14 to 36 deaths per 100,000 in the present analysis. Compared to sex
differences in European countries, these findings suggest that alcohol-related mortality
levels may be unusually high among U.S. women (or unusually low among U.S. men).
Declining sex differences in alcohol-related mortality in the U.S. are consistent with
declining sex differences in high risk drinking and alcohol-related emergency room
admissions (Grant et al. 2017; White et al. 2018).
Why have rates of alcohol-related mortality grown across segments of the U.S.
population? One possibility is that drinking norms and behaviors have evolved over the
course of the 21st century. Appendix Figure 2 plots two age-standardized measures of
drinking behavior for ages 30-74 by sex and level of education.2 The Figures suggests

1

Of course, in addition to actual US-Finland differences in the likelihood of dying from an
alcohol-related cause, rate differences between Herttua’s analysis and the present analysis are in
part impacted by between-country differences in the classification scheme of educational
attainment and in the coding of alcohol mortality on death certificates.
2
In 1988, the NHIS asked a subsample of adult respondents whether they currently drink (1+
drink in the last year). To measure binge drinking, respondents who reported being current
drinkers were also asked the number of days in the last year in which they consumed at least 5
drinks in a single occasion. These two questions were asked annually beginning in 1997. In 2015,
this threshold was lowered to four drinks for women; data for women from 2015 onwards is
therefore excluded.
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that recent period changes in alcohol-related mortality are not reflected in period changes
in self-reported drinking behavior. In Panel A, the fraction of current drinkers among all
education groups increased 30-40% for women and 10-20% for men in the 1990’s, and
generally remained constant in the following years. As more people began identifying as
current drinkers in the 1990’s, the mean number of annual binge drinking days among
current drinkers declined among men, and leveled off among women (Panel B).
A possible reason for the discrepancy between mortality rates and reports of
current and binge drinking is that other aspects of drinking behavior not examined in this
analysis, such as an individual’s age at first alcoholic drink, may be more salient in
shaping alcohol-related mortality since age at first drink marks the beginning of lifelong
exposure to the risk of alcohol-related mortality. Cohort-level variation in educational
differences in this age could result in mortality disparities decades later. A second
possible explanation is the unreliability of self-reported alcohol consumption (Davis et al.
2010; Devaux and Sassi 2016).

Strengths and limitations
This analysis has several strengths. It is the first to examine trends in alcoholrelated mortality by educational attainment in the United States using a comprehensive
set of alcohol-related causes of death, including causes which are not entirely attributable
to alcohol use. Results are robust to the classification scheme of alcohol-related deaths.
Its method of mortality rate estimation aims to reduce bias introduced by education
misreporting on death certificates. Inequality is summarized using the relative index of
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inequality, which accounts for changes in the distribution of educational attainment over
time and adjusts for trends throughout the distribution. I additionally consider absolute
inequalities in mortality.
This study also has several limitations, four of which are discussed below. First,
while the analysis includes all adult causes of death which research has rigorously linked
to alcohol consumption, other causes continue to be identified and are not included here
(Rehm et al. 2010). Second, the alcohol-attributable fractions in the ARDI application are
assumed to apply across population subgroups (the sex- and age-specific fractions for
motor vehicle fatalities are a notable exception). Assuming a constant contribution of
alcohol across levels of educational attainment likely underestimates disparities in
alcohol-related mortality. Evidence from abroad suggests that lower status groups bear a
disproportionately larger burden of alcohol-related harm, even at similar levels of alcohol
consumption (Makela and Paljarvi 2008; Probst et al. 2014).
Third, while the estimation approach for calculating alcohol-related mortality
rates reduces some of the bias associated with education misreporting on death
certificates, it cannot avoid the bias entirely. Education reporting on death certificates
must still be relied on to estimate the fraction of deaths attributable to alcohol. If
education misreporting operates in different directions, or at different magnitudes, for
alcohol-related vs. all-cause mortality, the fraction of deaths associated with alcohol will
be biased. However, it is difficult to hypothesize the direction of such a bias.
Finally, the analysis assumes that all-cause mortality rates in 2012-17 remained constant
over time. The assumption is necessary to study the most recent trends in the rapidly
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expanding proportion of deaths associated with alcohol in vital statistics (Table 2). Case
and Deaton’s (2017) finding of a sustained deterioration in mortality conditions among
non-Hispanic white college dropouts tentatively suggests that the growing divide in allcause mortality documented between 2000-05 and 2006-11 in the present analysis may
have continued into the final period. If so, estimates of educational disparities in alcohol
mortality in the final period are conservative.

Conclusion
The prevalence of high risk drinking, alcohol use disorders, and alcohol-related
emergency room visits has increased in recent years (Grant et al. 2017; White et al.
2018). This analysis documented that these trends were accompanied by near-universal
increases in alcohol mortality across sex, age, and education subgroups (rising between
11% and 45% for adults ages 30+). Relative increases were consistently larger for
females than males at all levels of educational attainment.
Future research should more clearly situate the U.S. among its peer countries,
paying careful attention to differences between the U.S. and countries in which alcohol
mortality has not increased. Additionally, research on age- and cohort-specific patterns of
alcohol consumption by socio-economic status should aim to establish a link between
changes in behavior and alcohol-related mortality.
Age- and cohort-patterns suggest the importance of targeted interventions across
the life-course. Educational disparities in alcohol-related mortality increased among
males ages 45-74 and females ages 60-74. Although inequality declined at ages 30-44,
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considerable disparities in this age group remained at the end of the study. Given the
concentration of binge drinking at these ages (Kanny et al. 2018), persistent inequality at
ages 30-44 may be amenable to interventions focused on binge drinking. Interventions
aimed at groups with lower levels of educational attainment in this and other age groups
may reduce educational disparities, yet care should also be taken to stem the increasing
prevalence of alcohol-related deaths at all levels of educational attainment.
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1
1
1
1
1
1
1
1
1
1

0.24
0.84
0.15
0.40
0.47
0.40
0.40
0.04

100% attributable
Alcoholic psychosis
Alcohol abuse
Alcohol dependence syndrome
Alcohol polyneuropathy
Degeneration of nervous system due to
alcohol
Alcoholic myopathy
Alcohol cardiomyopathy
Alcoholic gastritis
Alcoholic liver disease
Alcohol-induced chronic pancreatitis

Causes with direct AAF estimates
Acute pancreatitis
Chronic pancreatitis
Epilepsy
Esophageal varices
Gastroesophageal hemorrhage
Liver cirrhosis, unspecified
Portal hypertension
Spontaneous abortion (females only)

CHRONIC CAUSES

----------------

--

-----

----------------

--

-----

K85
K86.1
G40, G41
I85, I98.2
K22.6
K74.3-K74.6, K76.0, K76.9
K76.6
O03

G72.1
I42.6
K29.2
K70-K70.4, K70.9
K86.0

G31.2

F10.3-F10.9
F10.0-F10.1
F10.2
G62.1

Appendix Table 1. Alcohol-attributable fractions (AAF) and ICD-10 codes for alcohol-related adult causes of death.
Indirect AAF by
Sexa
Cause of death
AAF
ICD-10 Codes
consumption level
Low
Med
High
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Sexa

Causes with indirect AAF estimates
Females
Breast cancer (females only)
Males
Cholelithiases
Females
Males
Chronic hepatitis
Females
Males
Esophageal cancer
Females
Males
Hypertension
Females
Males
Ischemic heart disease
Females
Males
Laryngeal cancer
Females
Males
Liver cancer
Females
Males
Oropharyngeal cancer
Females
Males
Psoriasis
Females
Males
Stroke, ischemic
Females
Males
Stroke, hemorrhagic
Females
Males
Superventricular cardiac
dysrhythmia
Females

Cause of death

Appendix Table 1, continued (page 2 of 4).

--------------------------

AAF

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0.01
-0.01
-0.01
0.01
0.01
0.03
0.04
0.01
0.01
0.00
0.00
0.07
0.08
0.05
0.05
0.02
0.02
0.02
0.02
0.03
0.01
0.07
0.02
0.03
0.03

0.00
-0.01
0.00
0.02
0.01
0.07
0.02
0.02
0.01
0.00
0.00
0.09
0.03
0.06
0.02
0.10
0.03
0.03
0.01
0.01
0.00
0.11
0.01
0.03
0.01

Indirect AAF by
consumption level
Low
Med
High

I47.1, I47.9, I48

I60-I62, I69-I69.2

G45, I63, I65-I67, I69.3

L40.0-L40.4, L40.8, L40.9

C01-C06, C09-C10, C12-C14

C22

C32

I20-I25

I10-I15

C15

K73

K80

C50

ICD-10 Codes
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0.18
0.18
0.34
0.32
0.42
0.18
0.47

0.18

Causes with direct AAF estimates
Air-space transport
Aspiration
Drowning injuries
Fall injuries
Fire injuries
Firearm injuries
Homicide

Motor-vehicle non-traffic crashes

Direct
AAF

1
1
1

Sexa

100% attributable
Alcohol poisoning
Excessive blood alcohol level
Suicide by an exposure to alcohol

ACUTE CAUSES

Cause of death

Appendix Table 1, continued (page 3 of 4).

--

--------

----

--

--------

----

--

--------

----

Indirect AAF by
consumption level
Low
Med
High

V95-V97
W78-W79
W65-W74
W00-W19
X00-X09
W32-W34
X85-Y09, Y87.1
V02.0, V03.0, V04.0, V09.0,
V12-V14(.0-.2), V19.0-V19.3,
V20-V28(.0-.2), V29.0-V29.3,
V30-V39(.0-.3),V40-V49(.0.3), V50-V59(.0-.3), V60V69(.0-.3), V70-V79(.0-.3),
V81.0, V82.0, V83-V86(.4-.9),
V88.0-V88.8, V89.0

X45, Y15, T51.0, T51.1, T51.9
R78.0
X65

ICD-10 Codes

66

----

--

-------

------

----

--

-------

------

----

--

-------

------

Indirect AAF by
consumption level
Low
Med
High

W24-W31, W45
V01, V05-V06, V09.1, V09.3,
V09.9, V10-V11, V15-V18,
V19.3, V19.8-V19.9, V80.0V80.2, V80.6-V80.9, V81.2V81.9, V82.2-V82.9, V87.9,
V88.9, V89.1, V89.3, V89.9
X40-X49 (except X45)
X60-X84 (except X65), Y87.0
V90-V94

V02(.1, .9), V03(.1, .9),
V04(.1, .9), V09.2, V12V14(.3-.9), V19.4-V19.6, V20V28(.3-.9), V29.4-V29.9, V30V39(.4-.9), V40-V49(.4-.9),
V50-V59(.4-.9), V60-V69(.4.9), V70-V79(.4-.9), V80.3V80.5, V81.1, V82.1, V83V86(.0-.3), V87.0-V87.8,
V89.2

ICD-10 Codes

a. Applies to both males and females if not otherwise specified
Source: Adapted from the CDC’s ADRI application (2019). This list includes all ARDI adult causes of death for the country as a whole between 20062010. Indirectly-measured AAFs were estimated for any consumption of alcohol.

0.29
0.23
0.18

Poisoning (not alcohol)
Suicide
Water transport

0.37
0.34
0.28
0.16
0.08
0.18

0.49
0.47
0.41
0.28
0.12

Direct
AAF

0.18

Females
25-34 yrs
35-44 yrs
45-54 yrs
55-64 yrs
65+ yrs

Males
25-34 yrs
35-44 yrs
45-54 yrs
55-64 yrs
65+ yrs

Sexa

Other road vehicle crashes

Occupational and machine injuries

Motor-vehicle traffic crashes

Cause of death

Appendix Table 1, continued (page 4 of 4).

Appendix Table 2. Relative index of inequality in alcohol-related mortality (per 100,000), by
age & period, for 100% alcohol-attributable causes only.
Period
Age & education

Males

30-44
Relative index of ineq.
Mortality rates
All
<High school
High school/GED
Some college
4-yr degree+
45-59
Relative index of ineq.
Mortality rates
All
<High school
High school/GED
Some college
4-yr degree+
60-74
Relative index of ineq.
Mortality rates
All
<High school
High school/GED
Some college
4-yr degree+

Females

30-44
Relative index of ineq.
Mortality rates
All
<High school
High school/GED
Some college
4-yr degree+
45-59
Relative index of ineq.
Mortality rates
All
<High school
High school/GED
Some college
4-yr degree+

2000-2005

2006-2011

2012-2017

6.29

3.69

2.82

14.1
29.2
14.8
12.2
4.6

12.5
21.9
14.2
11.6
5.2

13.5
21.8
14.7
13.4
6.8

3.66

4.28

3.93

44.9
79.6
47.9
40.2
20.3

48.0
89.8
55.2
41.8
19.2

55.2
103.9
61.4
47.6
23.7

2.39

3.39

3.28

50.9
70.1
50.7
43.7
28.3

52.0
85.8
54.9
47.0
23.7

68.2
108.8
73.7
61.1
30.6

8.06

4.78

3.67

5.5
11.9
6.8
4.6
1.6

5.0
10.0
6.3
4.6
1.9

6.0
10.3
7.4
5.9
2.5

3.84

3.49

3.22

12.3
23.7
13.3
9.9
6.3

15.8
29.2
18.3
14.3
7.5

20.5
35.5
23.6
18.5
9.7

1.50

1.53

11.7
15.0
11.3
11.6
9.2

16.5
20.3
15.9
15.4
12.2

60-74
Relative index of ineq.
1.40
Mortality rates
All
11.7
<High school
14.3
High school/GED
10.7
Some college
12.1
4-yr degree+
9.2
Source: NHIS 1990-2009 and vital statistics 2000-2017.
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% change
(2000-05)
– (2012-17)

-4.1
-25.1
-0.6
10.2
48.4

22.9
30.5
28.3
18.2
16.8

33.9
55.1
45.3
39.8
8.0

8.7
-13.0
9.1
29.6
63.0

67.0
50.0
77.5
87.2
55.2

41.0
41.8
49.4
27.3
32.2

Appendix Table 3. Slope index of inequality in alcohol-related mortality (per
100,000), by age & period.
Age

All ages 30+
30-44
45-59
60-74
All ages 30+
30-44
45-59
60-74

2000-2005

Period
2006-2011

2012-2017

57.82
46.55
74.24
54.92

MEN
68.56
41.71
93.14
81.85

77.49
42.47
103.75
101.17

19.73
19.27
24.90
13.43

WOMEN
22.46
17.90
32.60
16.12

26.38
19.52
38.84
20.07

Source: NHIS 1990-2009 and vital statistics 2000-2017.
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Appendix Table 4. Slope index of inequality in alcohol-related mortality
(per 100,000), by age & cohort.
Age

Cohort
40-49

50-59

60-69

70-79

MEN
1920-1929
1930-1939
1940-1949
1950-1959
1960-1969

76.15
58.19

72.45
104.40

56.26
78.44

42.89
43.97

WOMEN
1920-1929
1930-1939
1940-1949
1950-1959
1960-1969

31.85
29.55

24.27
29.07

Source: NHIS 1990-2009 and vital statistics 2000-2017.
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13.55
16.70

6.64
10.53

Appendix Figure 1. Distribution of alcohol-related cause-of-death components
between 2000 and 2017.
Males

.4
0

.2

Proportion

.6

Females

LHS

HS

SC

BA+

LHS

HS

SC

BA+

Educational attainment
100% attributable underlying

100% attributable contributing

Directly-measured AAF

Indirectly-measured AAF

Source: Vital statistics 2000-2017.
The following 4 categories are mutually exclusive and exhaustive (also see Appendix Table
1):
100% attributable underlying: Deaths with 100% alcohol-attributable underlying causes.
100% attributable contributing: Deaths with 100% alcohol-attributable contributing causes.
Directly-measured AAF: Deaths with an underlying cause with a directly-measured alcoholattributable fraction.
Indirectly-measured AAF: Deaths with an underlying cause with an indirectly-measured
alcohol-attributable fraction.
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Appendix Figure 2. Period patterns of drinking behavior, by educational
attainment.

A

B

Source: NHIS 1990-2009. Note: Adults ages 30-74. All rates adjusted using the 2012 U.S.
population. The question on binge drinking was adjusted to lower the threshold from five to
four drinks for women in 2015: data for this year is excluded.
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CHAPTER 3:
LIFE BEFORE DEATH:
SELF-RATED HEALTH AND DISABILITY AT THE END OF LIFE

Abstract
Background: Not much is known about self-rated health and disability at the end of life.
Methods: I use annual data from the National Health Interview Survey (NHIS) for years
1997-2014, linked to death records through 2015. The analytic sample consists of
respondents who were living in the community at time of interview and died within 6 years
of being interviewed, at ages 65+. I compare the end-of-life prevalence of poor self-rated
health and disability (Instrumental Activities of Daily Living (IADLs) and Activities of
Daily Living (ADLs)) across time and across groups stratified by sex, age, race,
educational attainment, nativity, region of residence, smoking history, and cause of death.
I interpret the sum of the annual prevalence of each health outcome as the mean length of
time spent in the given health state.
Results: Time spent with a functional limitation in the final 6 years of life did not change
for respondents interviewed between 1997 and 2010, though the amount of time women
spent in fair/poor self-rated health declined by 3 months. Decedents who live to older ages,
identify as black, have less formal schooling, live in the South, and are foreign-born live
with an end-of-life disability for longer, and—with the exception of older decedents and
women—report worse health. Although women spent 70% more time than men in a
disabled state, self-rated health at the end of life is similar across sexes. Cancer decedents
are 2-3 years younger at death than all-cause decedents. Decedents from cancer and
accidents experience better self-rated health and fewer activity limitations in the final 6
years, while female decedents from respiratory diseases and male decedents from
cerebrovascular diseases spend prolonged periods in poor health and with activity
limitations.
Conclusion: Trends in end-of-life health have remained stable over the last few decades.
Some groups are disabled for longer at the end of life, particularly women. Policies should
especially provide financial and emotional assistance to these vulnerable groups and their
caregivers.
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Introduction
Research on health at older ages typically assumes that chronological age is the
main risk factor for declining health. Yet many conditions generally associated with
chronological aging are more closely linked to years of life remaining, rather than years
lived (Alley et al. 2010; Gerstorf et al. 2013; Riffe et al. 2016). In addition to marking the
end of the life course, death—and the months, days, or moments preceding it—is an
important and distinct stage of the life course (Cohen-Mansfield et al. 2018). For many
older adults, disability and depression increase during this final stage, while cognitive
skills and a sense of well-being, stable throughout earlier years, begin to wane
(Diegelmann et al. 2016; Gerstorf et al. 2013; Wilson et al. 2007). Self-rated health,
vision, handgrip strength, and weight also decline as death grows imminent (Alley et al.
2010; Gerstorf et al. 2013; Riffe et al. 2016). Not surprisingly, medical costs, as well as
rates of hospitalization and institutionalization, increase considerably at the end of life
(Riley and Lubitz 2010; Seshamani and Gray 2004), with over 90% of individuals age 83
and older receiving some sort of care in the last year (Larsson et al. 2008). As more
people in the Unites States live to ever older ages, re-examining health from the vantage
point of death may yield insightful information into end-of-life processes.
In this paper, I examine trends and disparities in health decline in the final stage
of the life course. I consider self-rated health and disability (limitations in Activities of
Daily Living and Instrumental Activities of Daily Living) in the last 6 years of life among
individuals who die at ages 65+. My analyses are guided by the following questions:
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1. Has the end of life in the United States become healthier/unhealthier over time?
2. How does health decline at the end of life?
2a. How do declines vary across population subgroups?
2b. How do declines vary across cause of death?
Much research has sought to determine whether older adults today are healthier than
preceding cohorts were at the same age. In the first question, I consider this issue from a
different perspective, making over-time comparisons not by age, but by proximity to
death. In the second question, I examine heterogeneity in end-of-life health across
population characteristics that are associated with differential health outcomes throughout
adulthood (sex, educational attainment, race, nativity, geographic location, and smoking
status). Finally, I consider how end-of-life experiences vary depending on the ultimate
cause of death.
This is the first study to produce national estimates of self-rated health at the end
of life. It is also the first study to produce national estimates of end-of-life disability for
several subpopulations. Deepening our understanding of end-of-life processes is crucial
to agencies working to ensure the sustainability of Medicare, as well as to the healthcare
sector’s ability to meet the evolving end-of-life needs of a growing and diverse older
population. Finally, knowing more precisely what conditions to expect at the end of life
may empower older individuals and their families to better plan their personal and
financial futures.
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Background
Aging research typically considers age as the main predictor of poor health.
Below, I consider the usefulness of an alternative approach that measures the life course
from time to death, rather than time from birth. I then consider current research on trends
in healthy aging, both by age and time-to-death, as well as work on disparities in healthy
aging.

Years lived and left to live
In 1910, a typical 65 year-old living in the United States could expect to celebrate
roughly 12 more birthdays. By 2010, that number had climbed to about 19, rising 8
months each decade (Arias 2014; Glover 1921). Partially driven by increases in life
expectancy at older ages, the mean and median ages of the U.S. population also increased
over this period. Demographers interpret upward-trending mean and median ages to
indicate population aging, sometimes raising concerns about a population’s ability to
sustain itself. Chronological age, however, is not the only significant marker in the study
of individual and population aging. Although the U.S. will continue to age
chronologically over the 21st century, an average aged person in 2100 is predicted to have
more years of life ahead of them than did the average person in 1960 (Sanderson and
Scherbov 2005). This phenomenon is popularly expressed by birthday cards and
magazine covers proclaiming that “60 is the new 50” or “50 the new 40” (Levine and
Crimmins 2018).
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A prominent reason that enables 60 to become the new 50 is that many conditions
typically associated with advancing age are actually a function of how close an individual
is to death (Riffe et al. 2016). Depending on the research question, situating individuals
in death cohorts, rather than birth cohorts, may produce more meaningful results when
comparing populations with differing life expectancies. The usefulness of a demographic
variable for remaining lifetime was first described in the 1970’s and 1980’s (Fuchs 1984;
Ryder 1975; see also Sanderson and Scherbov 2013 for a more detailed history of the
variable). Given that health care spending often increases in the last year of life (Riley
and Lubitz 2010), early applications of the variable were used to re-estimate projections
of health care spending based on increasing life expectancy, finding that traditional cost
projections using chronological age far exceed projections adjusted for time to death
(Miller 2001; Stearns & Norton 2004). The variable’s utility has since been extended into
other domains, including health. Riffe et al. (2016) demonstrate that because the risk of
developing certain health conditions increases with proximity to death, and because
proximity to death tends to correlate with age, age is a confounding variable in the
relationship between time to death and the onset of certain health conditions. In these
cases, “representing morbidity or disability variables as chronological age patterns
can…be misleading as a model of morbidity prevalence, and be biased as a basis for
prediction.”
Well-being, stable throughout adulthood, typically begins to decline 3-6 years
prior to death, around the same time as cognitive abilities (Gerstorf et al. 2013; Wilson et
al. 2007). In a longitudinal study of males ages 60+, weight loss typically began as early
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as 9 years prior to death, at an annual rate of 0.39 kilograms (Alley et al. 2010). Raab et
al. (2018) examine tandem trajectories of mental health and disability in the last eight
years of life, finding five common patterns. Gill et al. (2010) also document five
disability trajectories in the last year, ranging from no disability (experienced by 17% of
the sample) to persistently severe disability (22%). Although most individuals were not
disabled 12 months before death, more than half were severely disabled in the last month.
The need for around-the-clock care increases steadily before death, with a sharp increase
in the last 6 months (Larsson et al. 2008).

Trends in aging
As individuals age, they are likely to develop at least one chronic condition. In
their seminal paper on the disablement process, Verbrugge and Jette (1994) write that
these morbidities may become disabling if they impact an individual’s “abilit[y] to act in
necessary, usual, expected and personally desired ways in their society.” One approach
for estimating the impact of morbidity on day-to-day functioning is to determine whether
an individual has difficulty performing Activities of Daily Living (ADLs) or Instrumental
Activities of Daily Living (IADLs). ADL’s include basic tasks such as dressing, bathing,
and eating, while IADL’s encompass activities that facilitate independent living, such as
shopping for groceries or performing light housework. Functional limitations are
predictive of requiring special assistance, with roughly 40% of community-dwelling
adults age 65+ with one ADL or IADL limitation and 90% with 3 or more receiving
caregiving help (Johnson and Wiener 2006).
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Research suggests that the age-specific prevalence of some disabilities may be
declining over time, though findings can be sensitive to analytic choices. An influential
extraneous force shaping trends in disability prevalence is the changing composition of
the older population. Given the sweeping changes of the 20th century, younger cohorts are
reaching old age having had better childhood health and more educated parents, reduced
exposure to physically-demanding jobs, and higher levels of educational attainment—all
factors linked to postponed age at onset of ADL limitations (Freedman et al. 2008). More
recent cohorts of older men are also less likely than their predecessors to be heavy
smokers, though changes among women are more muted (Preston and Wang 2006). As
the composition of older populations has evolved, so too have the contexts in which they
live. Crimmins et al. (2009) speculate that once-disabling conditions may be less
disabling today due to factors such as earlier diagnosis and better disease management,
improved housing environments, and technological and market changes that facilitate the
accommodation of disabilities.
The percentage of life above age 65 lived with a disability declined between 1970
and 2010 (Crimmins et al. 2016) and changes in life expectancy at older ages were driven
by increases in the number of disability-free years (Cai and Lubitz 2007; Crimmins et al.
2016). Although the age-specific prevalence of ADL limitations, especially multiple
ADL limitations, declined in the 1990s (Cai and Lubitz 2007; Freedman et al. 2008;
Taylor and Lynch 2011), evidence on whether more recent cohorts are less likely to
experience IADL limitations is conflicting (Freedman et al. 2008; Taylor and Lynch
2011). In contrast to declines in age-specific disability, some of the limited work on
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trends in end-of-life health finds no change over the last two decades in both the
prevalence of end-of-life disability and the number of chronic morbidities present at the
end of life (Cutler et al. 2013; Smith et al. 2013). In contrast, Beltran-Sanchez et al.
(2016) find that the likelihood of developing cancer, diabetes, and arthritis in the years
preceding death increased in recent years.

Heterogeneity in aging
The processes translating health inequalities at younger ages into inequalities at
older ages are nuanced. Adverse health experiences may accumulate over the life course
and exacerbate poor health in old age. Increased vulnerability in old age may also interact
with existing disadvantages to magnify inequality. Additionally, the implications of past
health behaviors may be postponed to older ages, such as the lag between cigarette
smoking and the onset of lung cancer. On the other hand, not even the most privileged
groups are exempt from aging—a fact which may level health inequalities. In addition,
selective mortality, increased access to healthcare through Medicare, and the declining
salience of socially-patterned health exposures, such as dangerous working conditions,
may reduce inequalities.
With the exception of mortality selection, similar push-and-pull forces may shape
inequalities at the end of life. Selective mortality is a frequent topic of discussion (and
sometimes concern), in comparative studies of older adults who have survived
differential mortality risks (Dupre 2007; Rohwer 2016). However, since all living beings
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have an end-of-life period, comparing end-of-life experiences avoids conditioning the
analysis on survival to advanced ages.
Older black adults experience a higher prevalence of age-specific disability than
their white peers (Jacob et al. 2018; Lunney et al. 2018; Warner and Brown 2011).
Despite consistent differences by age, however, Lunney et al. (2018) find that blackwhite differences in ADL limitations are “erased in the final 1 to 1.6 years before death”,
suggesting that “dying eliminate[s] a health disparity.” Proximity to death, rather than
age, appears to act as a leveler. This finding is consistent with work finding no racial
differences in disability in the 2 years before death (Smith et al. 2013). However, some
disparities remain. Raab et al. (2018) find that black decedents are more likely to have
adverse combinations of disability and poor mental health in last eight years of life.
Educational differences in the number of healthy years an average individual can
expect to live are even larger than differences in overall life expectancy (2001) and Gini
coefficients for health inequality by education and income increase with age (Prus 2007).
Unlike the levelling effect death seems to have on racial disparities in disability, socioeconomic differences may persist into the final stage of life. Individuals without any
college experience are more likely than those with at least some college education to
report the combination of disability and poor mental health at the end of life (Raab et al.
2018), while high school dropouts are more disabled in the last two years than high
school graduates (Smith et al. 2013).
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Methods
Data
I use data from the National Health Interview Survey (NHIS) for years 19972014, downloaded from IPUMS (Blewett et al. 2018). The NHIS, conducted annually by
the National Center for Health Statistics (NCHS), is a cross-sectional health survey of the
civilian, non-institutionalized U.S. population that has been linked to death records
through the end of 2015. Detailed information on survey design and sampling procedures
are available on the IPUMS website (nhis.ipums.org).

The sample
I restrict the sample to respondents who died at age 65 or above, within 6 years of
being interviewed. To maximize analytic power, I estimate the prevalence of each
outcome for all respondents not missing information on the given health outcome and
stratifying population variable. While questions on demographic background, self-rated
health, and disability were answered by nearly all adults who died within 6 years of
interview (N~37,000 decedents), smoking history was asked only of an adult subsample
(N~18,000 decedents).

Years-to-death
I assign each decedent a value for years to death by subtracting the calendar year
in which a respondent was interviewed from the respondent’s year of death reported in
the linked mortality file. As a result, years to death is a categorical variable that ranges
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from 0 (decedents died within one year of interview) to 5 (decedents died between 5 and
5.9 years before death). For brevity, I refer to the former window as 1 year before death
and the 5-5.9 window as 6 years before death.

Health outcomes
Self-rated health. Self-rated health has been demonstrated to be a reliable
predictor of subsequent mortality (see Jylha 2009 for why this may be). The NHIS asks
respondents to categorize their health along a five-point Likert scale (excellent, very
good, good, fair, poor). I dichotomize answers into a dummy variable for bad health (selfreport of fair or poor health).
Activities of Daily Living. The NHIS includes questions on six different ADLs.
These include whether a respondent requires help in eating, bathing, dressing, moving
about the home, using the toilet, or getting in/out of bed. Consistent with existing
research, I classify an individual as disabled if s/he requires help in performing at least
one of these six activities (Smith et al. 2013; Taylor and Lynch 2011; Taylor et al. 2018).
Instrumental Activities of Daily Living. Though IADL limitations are less
disabling than ADL limitations, their presence indicates that an individual requires some
support in order to live independently. The NHIS ascertained information on IADL
limitations in the NHIS using a single yes/no question for whether a respondent needed
help for any “routine needs,” such as grocery shopping or doing light chores. As with
ADL limitations, I create a dummy variable for whether a respondent reported needing
any IADL assistance.
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Population characteristics
I consider patterns in end-of-life health across a variety of socially-stratifying
characteristics which have been linked to differential health outcomes across the life
course. To avoid changes in group composition driven by changes in end-of-life health, I
limit examined characteristics to those that are generally fixed at the end of life. I
consider outcomes across age at death (65-79, 80+), race (non-Hispanic black, nonHispanic white), educational attainment (less than high school, high school degree or
equivalent, some college or associate’s degree, bachelor’s degree or higher), nativity
(U.S.-born, foreign-born), geographic region of residence at time of interview (North
Central & Midwest, Northeast, South, West), and smoking history (never smoker, ever
smoker). Due to small sample sizes for other racial/ethnic categorizations, racially
stratified analysis are limited to black-white comparisons. The remaining analyses,
however, include all respondents, regardless of race/ethnicity. Because sex differences in
mortality and morbidity are prominent throughout the life-course, I estimate trends
separately for men and women.

Causes of death
I consider end-of-life health for six underlying causes of death with sufficient
sample size: accidents, cancers, cerebrovascular diseases, chronic lower respiratory
diseases, the combination of heart diseases and diabetes, and all others. I combine heart
diseases and diabetes since deaths from diabetes are frequently reported as cardiovascular
deaths (Saydah et al. 2004).
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Analytic approach
I estimate the proportion of the population reporting a given health outcome at
each year x before death. This proportion, or prevalence, can also be interpreted as the
proportion of total person-years lived in the health state in year x before death, or as the
average proportion of time each individual spends in the health state at x years before
death. A 0.4 annual prevalence of poor self-rated health indicates that 40% of the
population reported poor health, that 40% of all person-years lived were in poor health,
and that, on average, each individual spent 40% of the year, or 5 months, in poor health.
This latter interpretation is related to the singulate mean age at marriage, which
estimates the mean age at marriage for those who ever marry in populations for which
only cross-sectional data on marital status is available. Since the cross-sectional NHIS
data does not include repeated observations per individual, I conceptualize respondents as
belonging to a synthetic cohort (though instead of age, the cohort is assembled along
years to death). To estimate the total proportion of the final six years that are spent in
poor health, I add the prevalence rates across each year to death. This sum is equivalent
to the area under the curve of a graph plotting the prevalence of adverse health on the yaxis and the distance from death on the x-axis. To account for over time changes in the
distribution of time to death, I examine time trends in end of life health using the mean of
the annual prevalence rates across the final six years.
All analyses were performed using Stata version 15 (Statcorp) and account for the
complex survey design of the NHIS using the svy package. Following NCHS
recommendations, all estimates employ survey weights to adjust for ineligibility in
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mortality follow-up. Estimates for never- and ever-smokers use mortality weights for the
adult sample (called mortwtsa in IPUMS), while all other analyses use the standard
mortality weights (mortwt).

Age standardization
Comparisons in the main analyses do not account for between-group differences
in the age at death for two reasons. First, the outcomes in this analysis have been shown
to correlate more closely with approaching death, rather than advancing age (Riffe et al.
2016). It is not clear, therefore, that adjusting for differences in age structures would
improve estimates.
Second, age-standardized rates do not reflect reality. Age standardization is
unquestionably useful for comparing overall conditions in two or more populations with
differing age distributions. Preston et al. (2001) provide the example of mortality rates in
Sweden and Kazakhstan. Since the Swedish population is concentrated at older ages,
where mortality rates are highest, the crude mortality rate is higher in Sweden than
Kazakhstan. Once a common age distribution is applied, however, the mortality rate of
Kazakhstan far exceeds that of Sweden. If we wanted to know which country had a better
healthcare system, the age-standardized mortality rate would be a useful marker. If,
however, we wanted to know in which country it might be most lucrative to work as a
gravedigger, the unstandardized rate would be preferable. While the standardized rate
describes overall mortality conditions, the unstandardized rate reports the prevalence of
death.
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When we impose a standard age distribution, we implicitly assume a different
history of mortality and fertility schedules. In the case of black and white residents of the
U.S., applying a standard age structure might assume lower historical mortality rates for
blacks than actually existed and higher rates for whites. By surviving some people who
would have died, and removing others who would have survived, age standardization
creates a counterfactual population that never existed. In reality, whites and blacks in the
U.S. die at different ages, and that variation is part of what produces different experiences
for different populations. If we want to assess the needed scope of end-of-life services,
knowing what the health of each group would be if all groups had the same age
distribution is less helpful than knowing each group’s actual experiences of health at the
end of life. Estimates which closely reflect reality are important for individuals and
policy makers to plan for the future.

Results
Table 1 shows the distribution of population characteristics, as well as the mean
age at death and the mean time between interview and death for each subgroup. On
average, women live two years longer than men (age at death of 80.7 vs. 78.8) and the
majority of respondents reach age 80 (62% of women and 51% of men). The mean age at
death is lower for black respondents, residents of the South, and ever smokers. Notably,
decedents with less than a high school education are older at death than those with a
college degree, statistically significantly so for women (81.4 vs. 80.3). Since levels of
educational attainment in the U.S. population have increased over time, individuals who
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Table 1. Characteristics of adults dying within 6 years of interview, NHIS 1997-2014.a Standard deviation in parentheses.

Females (N=19,058)b
Characteristic

Males (N=18,451)b

%

Mean age
at death

Mean yrs
to death

%

Mean age
at death

Mean yrs
to death

--

80.72 (0.07)

2.76 (0.01)

--

78.78 (0.06)

2.67 (0.01)

Age at death
65-79
80+

38.2 (0.5)
61.8 (0.5)

72.95 (0.05)
85.53 (0.03)

2.68 (0.02)
2.82 (0.02)

49.2 (0.4)
50.8 (0.4)

72.46 (0.05)
84.91 (0.03)

2.61 (0.02)
2.72 (0.02)

Racec
Non-Hisp. white
Non-Hisp. black

89.2 (0.3)
10.8 (0.3)

81.07 (0.08)
79.00 (0.17)

2.78 (0.01)
2.70 (0.03)

90.8 (0.3)
9.2 (0.3)

79.08 (0.07)
76.91 (0.17)

2.66 (0.01)
2.73 (0.04)

Educational attainment
<High school
33.2 (0.4)
High school/GED 38.5 (0.4)
Some college
18.1 (0.3)
BA or more
10.2 (0.3)

81.36 (0.09)
80.41 (0.10)
80.10 (0.16)
80.27 (0.21)

2.74 (0.02)
2.78 (0.02)
2.86 (0.03)
2.71 (0.04)

31.1 (0.4)
31.5 (0.4)
19.1 (0.3)
18.2 (0.4)

79.24 (0.10)
78.41 (0.11)
78.13 (0.14)
79.14 (0.16)

2.66 (0.02)
2.65 (0.02)
2.69 (0.03)
2.69 (0.03)

Nativity
US-born
Foreign-born

91.0 (0.2)
9.0 (0.2)

80.74 (0.07)
80.46 (0.19)

2.77 (0.01)
2.70 (0.04)

91.6 (0.2)
8.4 (0.2)

78.81 (0.07)
78.40 (0.20)

2.67 (0.01)
2.64 (0.04)

Region
Northeast
N.Central/Midwest
South
West

20.3 (0.5)
24.7 (0.5)
37.3 (0.6)
17.7 (0.5)

81.10 (0.15)
80.97 (0.13)
80.18 (0.11)
81.07 (0.17)

2.79 (0.02)
2.78 (0.03)
2.76 (0.02)
2.72 (0.03)

19.8 (0.4)
23.9 (0.4)
37.8 (0.6)
18.5 (0.5)

79.18 (0.14)
78.95 (0.13)
78.15 (0.11)
79.42 (0.15)

2.68 (0.03)
2.66 (0.03)
2.66 (0.02)
2.67 (0.03)

Smoking history
Never smoked
Ever smoked

55.3 (5.9)
44.7 (5.9)

82.24 (0.10)
78.85 (0.12)

2.83 (0.02)
2.81 (0.02)

28.5 (5.4)
71.5 (5.4)

80.43 (0.17)
78.08 (0.11)

2.72 (0.03)
2.67 (0.02)

Year of interview
1997-99
2000-02
2003-05
2006-08
2009-11d
2012-14d

18.9 (0.3)
17.9 (0.3)
18.6 (0.3)
18.1 (0.4)
18.1 (0.4)
8.4 (0.2)

80.32 (0.12)
80.59 (0.12)
80.90 (0.13)
81.12 (0.17)
80.83 (0.17)
80.38 (0.20)

2.92 (0.03)
2.90 (0.03)
2.89 (0.03)
2.93 (0.03)
2.77 (0.03)
1.45 (0.03)

18.4 (0.4)
18.8 (0.3)
17.9 (0.3)
17.7 (0.4)
18.3 (0.4)
8.9 (0.3)

78.37 (0.12)
78.78 (0.13)
79.25 (0.13)
78.74 (0.17)
78.91 (0.15)
78.49 (0.20)

2.83 (0.03)
2.79 (0.03)
2.79 (0.03)
2.83 (0.03)
2.69 (0.03)
1.45 (0.02)

Overall

a. All percentages and proportions weighted using IPUMS mortality weights mortwt or mortwsa (for smoking variable).
b. Sample sizes in header reflect number of respondents in survey who died within 6 years of interview at age 65+. Estimated
prevalence rates in main analysis are additionally restricted to respondents not missing information on given health outcome
and stratifying population variable. 19,004 females and 18,403 males are not missing information on self-rated health.
19,041 females and 18,438 males are not missing information on ADL limitations. 19,050 females and 18,437 males are
not missing information on IADL limitations. Missingness among stratifying population variables is low, with exception of
smoking history. Smoking history was asked of an adult subsample and was answered by 11,903 females and 9,955 males.
c. Due to small sample sizes, non-white and non-black respondents are excluded from race-specific estimates, though
included in all other estimates.
d. Mean time to death is shorter for decedents interviewed between 2011 and 2014, since the post-interview exposure period
is less than six years.
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were oldest at interview—and therefore older at death—are disproportionately less
educated, which results in an older mean age at death for this group (the reverse is true at
younger ages).
On average, men are interviewed 1 month earlier than women (2.7 vs 2.8 years
before death). Given that the NHIS excludes individuals living in nursing homes at the
time of interview, and that women spend more time in such care institutions (Crimmins et
al. 2016; Kelly et al 2010), this difference is likely the result of sex differentials in rates
of institutionalization. Although the decedent sample includes respondents who enter a
care facility at some point after their NHIS interview, respondents who are closer to
death, and possibly institutionalized, are less likely to be interviewed. Mean time to death
is shorter for decedents interviewed between 2011 and 2014, since the post-interview
exposure period is less than six years.
Figure 1 shows trends in the mean annual prevalence of adverse health over the
final 6 years of life, for decedents interviewed between 1997-2010. Data for years 20112015 is excluded, since respondents interviewed in these years were not exposed for the
full six years. The mean amount of time with a disability at the end of life remained
stable over the study period. Women spent roughly 14 months out of the final 6 years
with an ADL limitation (72 months * .19), 6 months longer than men. For both sexes, the
onset of IADL limitations occurred earlier than the onset of ADL limitations, at 25
months before death for women and 14 months for men. In contrast to unchanging levels
of disability, the amount of time women spent in fair/poor self-reported health declined
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Source: NHIS, 1997-2015.
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Figure 1. Proportion of last 6 years lived with poor health or disability, over time.
NHIS decedents 65+

by more than 3 months from the initial 2.7 years for respondents interviewed in 19971999. The duration fluctuated for men, beginning at 2.6 years in 1997-99 and peaking at
2.7 in 2003-05. While women spent roughly 70% more time with a disability than men,
they were equally likely to report fair/poor health at the end of life.
Figures 2-4 pool data across interview years 1997-2014 and graph health outcomes by
years to death (Table 2 summarizes these figures numerically. Figure 2 compares deaths
occurring at ages 65-79 and deaths at ages 80+. Regardless of age, the prevalence of
disability and poor health increase in the six years preceding death, more than doubling
for most outcomes (quadrupling in the case of ADL prevalence among older female
decedents). Compared to those who die at younger ages, decedents who live to older ages
spend more time with functional limitations in the years preceding death, yet report being
in better health for longer. While older women spend 7-12 months longer with an ADL or
IADL limitation than younger women, they report 4 more months in better health (older
men experience 4-8 more disabled months than younger men, and 3 months of better
health).
Figure 3 shows rates for non-Hispanic white and black decedents. Black-white
differences are most apparent among women, especially in the proportion reporting
fair/poor health. Over half (52%) of black women report fair/poor health 6 years before
death, compared to a third (34%) of white women. Table 2 indicates that, altogether,
black women live in fair/poor health 1 year longer than white women (3.6 vs 2.6 years),
and also spend 5-6 months longer with a disability. Despite persistent black-white
differences in the length of time spent in adverse health states for both sexes, many
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Figure 2. Prevalence of poor health and disability in the last 6 years of life,
by age at death. NHIS decedents 65+.
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80+
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Figure 3. Prevalence of poor health and disability in the last 6 years of life,
by race. NHIS decedents 65+.
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Figure 4. Prevalence of poor health and disability in the last 6 years of life,
by educational attainment. NHIS decedents 65+.
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or equivalent; SC = some college or associate's degree; BA+ = bachelor's degree or
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differences diminish as death approaches. In the case of IADL limitations among women
and all outcomes for men, absolute differences in prevalence decrease to statistical nonsignificance in the last 1 or 2 years of life. In contrast, differences among women in selfrated health and ADL limitations persist until death.
Figure 4 shows prevalence stratified by educational attainment. Nearly half of all
decedents without a high school degree are in fair/poor health 6 years before death (47%
for both sexes), compared to a quarter of college graduates (23% of women and 25% of
men). Altogether, both male and female college graduates enjoy 15 more months of good
health than high school dropouts. College-educated women live in good health without
disability for longer than any other group of women in Table 2, and also experience the
steepest rates of health decline at the very end of life. At the other end of the spectrum,
men without a high school degree spend more time in poor health than any other group of
men in Table 2, at 3.3 years (just ahead of all black men, at 3.3 years). In contrast to endof-life convergence in racial differences among men, relative and absolute educational
differences among men decline only in self-rated health. Among women, relative
differences by educational attainment decline with proximity to death, though absolute
differences typically remain constant.
In addition to summarizing decline by age, race, and educational attainment,
Table 2 also includes outcomes by nativity, region of residence at interview, and smoking
status. Foreign-born decedents report worse health and more activity limitations than
their US-born counterparts. Self-rated health in the South is consistently worse than in
other regions, the Northeast does best in 2 out of the 3 measures. Ever smokers report
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33.8
52.3
47.1
34.9
29.9
23.4
36.2
45.3
29.3
34.8
43.0
36.4
35.5
37.7

Race
Non-Hisp. white
Non-Hisp. black

Educational attainment
<High school
High school/GED
Some college
BA or more

Nativity
US-born
Foreign-born

Region
Northeast
N.Central/Midwest
South
West

Smoking history
Never smoked
Ever smoked

continued on next page

42.6
33.9

% at
5-6 yrs

2.59
2.76

2.44
2.60
3.06
2.68

2.72
3.10

3.31
2.65
2.27
2.02

2.60
3.57

2.98
2.61

Mean
length (yrs)

Fair/poor health

Age at death
65-79
80+

Characteristic
Mean
length (yrs)

11.5
8.8

12.1
8.5
12.1
12.4

10.9
15.2

14.2
9.6
9.3
8.1

10.0
16.3

8.5
12.8

1.41
1.10

1.30
1.16
1.41
1.44

1.31
1.54

1.49
1.26
1.04
1.21

1.25
1.77

0.97
1.57

FEMALES

% at
5-6 yrs

1+ ADL limitation

27.7
23.6

23.2
26.0
28.1
26.9

26.0
29.7

31.2
22.9
27.2
20.4

25.2
32.2

17.0
31.4

% at
5-6 yrs

2.37
2.18

2.19
2.22
2.36
2.48

2.32
2.23

2.61
2.16
2.14
2.03

2.27
2.65

1.70
2.71

Mean
length (yrs)

1+ IADL limitation

Table 2. Self-rated health and disability in the last 6 years of life by social characteristic, NHIS 1997-2014.a
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35.3
45.7
47.1
36.9
32.3
25.1
36.7
40.7
30.2
37.2
42.3
33.5
34.2
39.3

Race
Non-Hisp. white
Non-Hisp. black

Educational attainment
<High school
High school/GED
Some college
BA or more

Nativity
US-born
Foreign-born

Region
Northeast
N.Central/Midwest
South
West

Smoking history
Never smoked
Ever smoked

2.40
2.79

2.41
2.71
3.05
2.53

2.74
2.86

3.34
2.74
2.40
2.06

2.67
3.26

2.86
2.64

8.0
6.9

5.4
5.9
7.4
6.3

6.1
10.4

6.9
5.8
5.2
6.6

5.6
10.2

5.7
7.1

Mean
length (yrs)

0.84
0.68

0.69
0.71
0.88
0.86

0.77
1.08

0.84
0.79
0.72
0.72

0.76
0.90

0.62
0.98

MALES

5-6
years (%)

1+ ADL limitation

17.1
11.0

10.3
12.3
14.4
11.9

12.3
16.3

15.5
11.1
10.1
11.2

11.5
19.5

10.0
15.0

5-6
years (%)

1.33
1.14

1.12
1.23
1.35
1.36

1.26
1.48

1.50
1.19
1.09
1.13

1.24
1.50

0.96
1.59

Mean
length (yrs)

1+ IADL limitation

a. % at 5-6 years = % of decedents with health outcome between 5-6 years of death. Mean length (yrs) = # of years spent in a given health
state, calculated as 6 * sum of prevalence rates each year before death.

41.2
33.3

5-6
Mean
years (%) length (yrs)

Fair/poor health

Age at death
65-79
80+

Characteristic

Table 2, continued.

worse self-rated health, though lower levels of disability. This last difference may be due
to the combination of earlier institutionalization of ever-smokers who are especially ill
and differing morbidity trajectories. Since ever-smokers are 2-4 years younger at death
(Table 1), their deaths may occur more suddenly, after a shorter period of decline.
Table 3 shows mean health at the end of life for six underlying causes of death:
accidents, cancers, cerebrovascular diseases, chronic lower respiratory diseases, the
combination of heart disease and diabetes, and all other causes. For both men and
women, decedents dying from cancer are youngest at death (76.4 and 77.7, respectively),
dying 2-3 years earlier than the sex-specific mean age at death for all decedents in Table
1. Decedents dying from accidents report the longest period of favorable health (3.7 years
for women and 4.1 years for men), followed closely by cancer decedents. Among those
with respiratory disease as the underlying cause of death, women spend only 1.5 and men
1.3 years in good to excellent health, 8-21 months less than other groups. Female
decedents from respiratory diseases spend 18 months, and male decedents 19, in the
worst level of self-reported health. On average, respiratory disease decedents were
interviewed further from death, suggesting that especially poor health among these
decedents may increase the likelihood of institutionalization.
Decedents dying from cancer report the least disability in the last 6 years, with
women not requiring ADL assistance until 9 months before death, and men not until the
final 6 months. In contrast, men dying from cerebrovascular diseases and women dying
from all other causes report the highest levels of disability, spending 14-17 months with
at least 1 ADL limitation, and 9-10 months with 3 or more limitations.
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Table 3. Mean time to death, age at death, and years spent in each health state in the last 6 years of life,
by underlying cause of death, NHIS 1997-2014. Standard deviation in parentheses.
Heart disease
& diabetes

Cancers

Respiratory
diseases

Cerebrovasc.
diseases

All other

Yrs to death

2.72 (0.03)

2.65 (0.03)

2.87 (0.05)

2.76 (0.08)

2.75 (0.05)

2.84 (0.02)

Age at death
(yrs)

81.24 (0.12)

77.70 (0.13)

79.18 (0.23)

81.32 (0.38)

82.17 (0.20)

82.03 (0.09)

Self-rated health (yrs)
Excellent
0.34 (0.02)
Very good
0.90 (0.04)
Good
1.90 (0.05)
Fair
1.77 (0.05)
Poor
1.10 (0.04)

0.53 (0.03)
1.24 (0.04)
1.98 (0.05)
1.47 (0.04)
0.79 (0.03)

0.23 (0.04)
0.51 (0.05)
1.75 (0.09)
1.98 (0.10)
1.53 (0.09)

0.59 (0.11)
1.30 (0.13)
1.86 (0.15)
1.44 (0.13)
0.81 (0.11)

0.43 (0.05)
1.10 (0.07)
1.98 (0.08)
1.54 (0.08)
0.95 (0.06)

0.34 (0.02)
1.02 (0.03)
1.98 (0.03)
1.69 (0.03)
0.97 (0.03)

2.41 (0.05)

1.36 (0.04)

2.52 (0.10)

1.93 (0.14)

2.14 (0.09)

2.53 (0.04)

ADL limitation (yrs)
None
4.66 (0.04)
1
0.36 (0.02)
2
0.26 (0.02)
3+
0.72 (0.03)

5.36 (0.03)
0.15 (0.02)
0.14 (0.02)
0.35 (0.02)

4.79 (0.08)
0.36 (0.05)
0.31 (0.04)
0.54 (0.05)

4.81 (0.12)
0.33 (0.07)
0.32 (0.08)
0.54 (0.09)

4.70 (0.08)
0.30 (0.04)
0.19 (0.03)
0.80 (0.06)

4.56 (0.03)
0.31 (0.02)
0.28 (0.02)
0.86 (0.03)

Accidents

FEMALES

IADL
limitation (yrs)

MALES
Yrs to death

2.56 (0.03)

2.64 (0.02)

2.74 (0.05)

2.80 (0.08)

2.59 (0.06)

2.75 (0.02)

Age at death
(yrs)

78.88 (0.12)

76.38 (0.11)

78.52 (0.22)

79.70 (0.38)

79.98 (0.24)

80.38 (0.10)

Self-rated health (yrs)
Excellent
0.41 (0.03)
Very good
0.87 (0.03)
Good
2.00 (0.05)
Fair
1.69 (0.04)
Poor
1.03 (0.04)

0.57 (0.03)
1.16 (0.04)
1.87 (0.04)
1.50 (0.04)
0.90 (0.03)

0.27 (0.05)
0.53 (0.05)
1.51 (0.09)
2.06 (0.09)
1.62 (0.09)

0.64 (0.11)
1.04 (0.12)
2.38 (0.16)
1.17 (0.13)
0.77 (0.11)

0.43 (0.06)
0.96 (0.07)
1.98 (0.10)
1.61 (0.10)
1.02 (0.08)

0.45 (0.02)
0.91 (0.03)
1.97 (0.04)
1.70 (0.04)
0.98 (0.03)

0.74 (0.03)

1.61 (0.09)

0.92 (0.11)

1.60 (0.09)

1.43 (0.04)

5.59 (0.02)

5.12 (0.07)

5.48 (0.09)

4.85 (0.08)

5.10 (0.03)

0.09 (0.01)
0.11 (0.01)
0.21 (0.02)

0.32 (0.06)
0.17 (0.03)
0.39 (0.05)

0.08 (0.04)
0.12 (0.05)
0.32 (0.07)

0.21 (0.04)
0.15 (0.03)
0.79 (0.07)

0.17 (0.01)
0.17 (0.01)
0.56 (0.02)

IADL
limitation (yrs)

1.23 (0.04)

ADL limitation (yrs)
None
5.29 (0.03)
1
0.18 (0.02)
2
0.15 (0.02)
3+
0.39 (0.02)
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Cause-specific patterns in health across the last 6 years of life for decedents dying
at ages 65-79 and ages 80+ are shown in Figures 5 and 6, respectively. Because
confidence intervals for most causes are large, and because cancers and respiratory
diseases most often represent the two ends of the health and disability spectrum, only
trends for cancers, respiratory diseases, and all other causes are shown. Other causes
typically fall within the bounds of these two causes. Though decedents dying from cancer
in both age groups are in better self-reported health and are less likely than others to
report a disability, cause-specific differences in self-rated health are most striking for
younger decedents (ages 65-79). The majority of decedents dying from respiratory
diseases in this age group report fair/poor health for the entire 6-year period prior to
death, while the majority of cancer decedents do not report fair/poor health until
approximately the final year. Regardless of age at death, the health of cancer decedents
declines at an accelerated pace in the last 1-2 years of life, for all three outcomes. As a
result, many of the large differences in health and disability between cancer and
respiratory disease decedents present 5-6 years before death are reduced to statistical
insignificance at the very end of life.

Discussion
In this analysis, the duration of time spent with at least one activity limitation at
the end of life remained stable for decedents interviewed between 1997 and 2010. Smith
et al. (2013) document a similar trend, finding that the prevalence of ADL limitations in
the last 2 years of older life remained constant for respondents interviewed between 1995
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Figure 5. Prevalence of poor health and disability in the last 6 years of life
by cause of death, ages 65-79 at death.
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All others

Figure 6. Prevalence of poor health and disability in the last 6 years of life
by cause of death, ages 80+ at death.
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106

All others

and 2010. Cutler et al. (2013) also find that the end-of-life prevalence of ADL and IADL
limitations, as well as the number of chronic conditions, did not change in recent years. In
contrast to stable trends in disability, I find that the average duration of fair/poor selfrated health among women declined 3 months over the period. Trends in self-rated health
at the end of life have not before been examined, so there is no precedent for
contextualizing these changes. Improvements in women’s self-reported health, even in
the face of unchanging disability, could be driven by shifts in the perceived or actual
severity of disability, technological and environmental improvements in the
accommodation of disabilities, changes in women’s reference groups, or compositional
changes in the female population (Crimmins et al. 2009).
As Figure 2 illustrates, the presence of disability does not always translate into the
perception of poor health. Respondents who reach ages 80+ are more disabled at the end
of life than those who die before age 80, a pattern also documented by Smith et al.
(2013). However, older decedents are also more likely to report being in good health in
their final years. A perception of health is constructed by comparisons with a reference
group, often of similar age (Jylha 2009). Being the first in one’s peer group to develop a
disabling condition likely impacts one’s perception of health differently than if the same
condition is developed at older ages, where disability is more ubiquitous. There may also
be objective differences in health between the two groups. Research on exceptionally
long-lived people finds that individuals who reach very old ages are typically in better
health than their non-surviving cohort members at younger ages (Ailshire et al. 2011;
2015).
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Just as in earlier life, end-of-life health is stratified along social characteristics.
People who identify as black, have lower levels of formal education, immigrated to the
U.S., reside in the South, and ever smoked spend more time in fair/poor health at the end
of life, with black women and men experiencing the longest periods of fair/poor health
(3.6 years for women and 3.3 for men). With the exception of ever-smokers, these groups
also experienced elevated levels of end-of-life disability. Among men, racial differences
converge in the final 1-2 years of life, while the absolute gap among women in the
prevalence of ADL limitations and self-rated health persists. Educational differences in
self-rated health lessen at the end of life, though disparities in disability remain.
Convergence at the end of life, however, should be interpreted with caution, since people
who are black and have less income spend, on average, more time in nursing facilities at
the very end of life. This issue is discussed in the section on limitations, below.
Educational differences in end-of-life health will likely evolve over time as cohorts of
increasingly educated people ascend the population pyramid.
It is a well-known paradox that women report worse health than men at the same
ages, yet have lower mortality rates. Much of this phenomenon is explained by the fact
that women are more likely to develop disabling but non-fatal conditions, such as
arthritis, while men develop acute and fatal ones (Case and Paxson 2005). Even at the
end of life, women in the present analysis spend 70% longer than men living with a
disability. However, sex differences in self-rated health do not reflect the expected
pattern. Both sexes are equally likely to report fair/poor health in the final six years. The
mechanisms through which death levels sex differences in self-rated health warrant
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further investigation—especially given the persistence of higher disability among
women.
End-of-life health varies depending on the ultimate cause of death, a fact which
may provide individuals with relevant family medical histories additional insight. Cancer
decedents died two years younger than all-cause decedents and, second to decedents from
accidents, reported the shortest periods of poor health and disability. These patterns likely
indicate the accelerated progression of some cancers. Gill et al. (2010) find that 20% of
cancer decedents report no disability in the last year of life, and only 4% are severely
disabled over the entire course of the final year. In contrast, decedents dying from
respiratory diseases and cerebrovascular diseases in the present study typically report
worse health and extended periods of disability. Unfortunately, Alzheimer’s disease is
not included as a cause of death in this analysis due to the high likelihood of
institutionalization with disease progression. In Gill et al.’s study, 70% of decedents from
Alzheimer’s disease were severely disabled for the entirety of their last year. The
especially high levels of disability associated with Alzheimer’s disease may be reflected
by the high disability levels of women dying from all other causes in Table 3.

Limitations
This analysis produced the first national estimates of self-rated health at the end
of life in the United States, as well as the first estimates of end-of-life disability for many
subgroups. Perhaps the most significant limitation of this analysis is the exclusion of
individuals from the NHIS who at the time of interview live in long-term care facilities
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where residents require permission to leave the premises, such as nursing homes and
restricted portions of continuing care communities. Of course, respondents who enter a
care facility at some point after their NHIS interview are included in the sample. Since
institutionalization grows more likely as time to death diminishes, the proportion of
individuals excluded from the sample is largest very close to death. This exclusion can
bias between-group differences in end-of-life health if group members have different
rates of institutionalization. The effects of this bias are likely minimized by the typically
short duration of residence in end-of-life care facilities (Crimmins et al. 2016; Kelly et al.
2010). The median length of stay for nursing home residents is 5 months, and 53% of
residents die within 6 months of admission. The median stay is longer for women (8
months vs. 3 months for men), black individuals (6.5 months vs. 5 months for whites),
and poorer groups (9 months for the bottom income quartile vs. 3 months for the top)
(Kelly et al. 2010).

Conclusion
Increases in life expectancy, especially at the oldest ages, have raised concerns
that the period of poor health and disability prior to death has been extended. I find that
this does not appear to be the case. The duration of time spent with at least one activity
limitation in the last six years of life remained stable for decedents interviewed between
1997 and 2010. For women, the duration of time spend in fair/poor self-rated health
decreased by 3 months over the period.
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On average, women who reach age 65 should expect to require help with tasks
like grocery shopping and paying bills for just over 26 months at the end of life, and help
with at least one personal care task, like bathing or dressing, for 14 months. For men,
these figures are 14 and 8 months. Of course, these are averages. While the disabled
period is longer for some individuals, others do not report any disabilities at the end of
life. On average, those who are female, live to older ages, are black, have lower levels of
educational attainment, and live in the South require assistance for longer. Policies should
take different lengths of poor health into account to best support vulnerable groups and
their caregivers.
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